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 As world population, per capita income and urbanization increase, consumption of meat, 
poultry, milk and eggs will continue to rise to meet the needs of approximately nine billion 
people in 2050.  Global beef, pig and chicken production and per capita consumption increased 
between 2000 and 2010, with growth in broiler production and consumption outpacing both beef 
and swine.  The increased production and consumption requires readily available feed 
ingredients in regions where animal production is rapidly developing.  Animal-based protein 
feed ingredients are often difficult to move from country to country due to real or perceived risk 
of animal disease.  Zoosanitary standards can restrict the trade and availability of animal-based 
protein feed ingredients, which provide a viable source of protein, fat, and essential minerals.  
This review looks at the impact of bovine spongiform encephalopathy (BSE) on world protein 
supply, specifically examining animal production and trade of animal-based protein feed 
ingredients (meat meals) compared to oilseed meals and soybeans, substitute protein feed 
ingredients.  The review illustrates how BSE and subsequent regulations have negatively 
impacted the trade of animal-based protein feed ingredients, while plant-based protein feed 
ingredient trade has increased.  Between 2000 and 2003, BSE was confirmed in 15 countries, and 
in 2004, global meat meal exports had declined 44% compared to 2000 levels.  Global meat meal 
exports as a percentage of total protein feed ingredient (meat meal, oilseed meal, soybeans) 
exports declined from 2.2% in 2000 to 1.4% in 2009.  BSE and subsequent regulatory responses 
also prompted a shift in meat meal sourcing.  In 2000, the U.S., the largest exporter of meat 
meals, represented 20% of total global meat meal exports, but represented approximately 12% in 
2009.  Meat meal exports of confirmed BSE and/or “controlled BSE risk” countries as classified 
by the World Organization for Animal Health in 2011, increased 2.8% from 2000 to 2009, while 
 
 
countries without BSE confirmation and/or “negligible BSE risk” countries increased meat meal 
exports 9.1% during the same period.  As animal production increases and domestic supply of 
meat meals increase, trade restrictions on animal-based feed ingredients could negatively impact 
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A. BACKGROUND OF STUDY 
 As world population, per capita income and urbanization continue to rise (Delgado, et al., 
1999a, Food and Agricultural Organization [FAO], 2009, Tweeten & Thompson, 2008, 2009), 
demand for meat, poultry, milk and eggs increases (Delgado et al., 1999a, FAO, 2009, Speedy, 
2003).  As a result, the global demand for protein feed ingredients necessary to meet the needs of 
growing livestock production continues to increase (Speedy, 2003).  Protein, which is needed to 
provide amino acids to build muscle and support normal physiological functions in animals such 
as poultry (National Research Council [NRC], 1994), is a key limiting factor for animal 
production in many regions of the world (Speedy, 2001, 2002 & 2003).  Both plant and animal-
based feed ingredients are utilized and widely traded throughout the world to meet animal 
nutrition needs.  In regions of the world where feed ingredients are limited, particularly protein 
sources, countries will be forced to either expand crop production to meet animal feed demands 
or import feed ingredients (Delgado et al., 1999a).  However, regulations have impacted the trade 
of both plant and animal-based protein sources.  Trade of plant-based proteins have been 
impacted by regulations prohibiting the use of genetically modified organisms (GMOs) in 
regions like the European Union (E.U.) and China, while animal-based protein sources have been 
restricted as a result of animal disease (Paarlberg et al., 2008, Morgan, 2003).  Restrictive animal 
product regulations, primarily as the result of bovine spongiform encephalopathy (BSE), often 
referred to or officially titled as “BSE regulations,” limit trade of animal-based protein 
ingredients used in feed, particularly bovine-derived meat and bone meal (Mathews et al., 2006).  
These regulations not only impact the availability of bovine-derived products, but also limit the 
ability to trade other animal-protein products as well by requiring verification of animal health 
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status, specific cooking time, pressure and temperature of rendered products, and in some cases 
pH requirements (Animal Plant Health Inspection Service [APHIS], 2012).  Additionally, 
separation of species is often required, but in the case of bovine, specific parts of the animal are 
restricted as well (APHIS, 2012).  Disease outbreaks and restrictive animal health standards 
disrupt exports (Goodwin et al., 2006) and increase domestic supply (Paarlberg et al., 2008), 
forcing more domestic consumption of bovine animal by-products, such as meat and bone meal 
(MBM) (Informa Economics, 2011).  Consequently, animal health requirements and subsequent 
trade barriers make plant protein sources more competitive on the global market.  While 
international animal health standards began in 1920 with efforts to control rinderpest (World 
Organization for Animal Health [OIE], 2011b), no standards to date have impacted the trade of 
animal-based feed ingredients like BSE.  BSE prevention and control is unique due to the 
discovery of a new vector, a heat-resistant prion, and the prion‟s casual association to variant 
Creutzfeldt-Jakob Disease (vCJD), a “rare, degenerative, fatal brain disorder in humans” (Center 
for Disease Control and Prevention [CDCP], 2010a).  While only 217 cases of vCJD were 
reported from its discovery in 1996 to October 2009 (CDCP, 2010b), the need to control the 
spread of BSE prompted numerous trade restrictions, animal health standards and processing 
requirements of animal proteins.  However, trade restrictions distort a free-market, disrupting 
availability and supply, and can cause inflated prices.  As a result, the impact of BSE and 
subsequent regulations not only impact world animal protein trade, but may also impact trade 
and availability of plant-based proteins and potentially livestock production, particularly in 
developing countries where animal production is on the rise and feed ingredients are not readily 
available.   
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 Trade restrictions on animal-based feed ingredients, such as MBM, may also have an 
impact on animal performance, particularly in developing countries where feed materials are not 
as readily available and animal production is reliant upon imports of feed ingredients to build 
animal production capacity.  While domestic supplies of poultry and porcine meals are more 
easily absorbed in domestic animal production or pet food, MBM is not (Informa Economics, 
2011).   
In developing countries, poultry production is key to building a viable animal production 
industry due to broiler feed efficiency compared to cattle or swine.  Furthermore, growth of 
poultry consumption is not limited by cultural bias, like pork or cattle.  Dietary needs of poultry 
can be met using a number of grains, oilseed meals and regional feed ingredients, but animal-
based feed ingredients, like MBM, are often economically beneficial due to the phosphorus 
content (Firman, 2006).  Phosphorus is an essential mineral for growing poultry, and the 
biological value of phosphorus in MBM is extremely high (Waldroup et al., 1965, Waldroup & 
Adams, 1994) with most nutritionists assuming availability of 100% (Firman, 2006).  Available 
phosphorus may be more critical to producers in developing countries due to limited availability 
or cost of either protein or phosphorus.  However, MBM has limitations that restrict its use in 
broiler feed, primarily variability in protein quality and availability of amino acids (Parsons et 
al., 1997, Wang & Parsons, 1998b, Firman, 2006).  However, in a developing country or region 
where minerals such as phosphorus can be a nutrient limitation for poultry production, MBM 






B. PROBLEM STATEMENT 
To date, no comprehensive research has examined the impact of BSE events and 
subsequent regulations on trade and availability of animal-based protein feed ingredients as it 
pertains to world protein supply.  This is significant because a key factor in ensuring a stable 
supply of meat, poultry and dairy products for the world‟s growing population is availability of 
protein for production animals, and many developing countries are currently increasing animal 
production to meet growing domestic needs.  Additionally, the impact of limited availability of 
animal-based protein feed ingredients on animal performance, specifically broilers, have not 
been evaluated. 
C. PURPOSE OF STUDY 
 The purpose of the study is to examine the impact of BSE and subsequent regulations on 
trade and availability of world protein supply.  This paper will provide a comprehensive review 
of trade of protein feed ingredients, specifically oilseed meals, meat meal and soybeans, as well 
as global animal production, population growth, per capita income and urbanization, key factors 
contributing to protein demand.  Furthermore, this paper will highlight the potential impact of 
restricted trade of animal-based protein feed ingredients on broiler performance, particularly as it 
relates to developing countries where MBM can provide a valuable source of protein and 
essential minerals.    
D. SIGNIFICANCE OF STUDY 
 This study adds to the knowledge of BSE-related consequences and provides insight into 
the relationship of animal and plant-based protein as it relates to global trade.  While the impact 
of BSE on production, supply and demand of bovine products for humans has been studied, the 
impact BSE and subsequent regulations as it relates to trade and availability of animal-based 
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protein feed ingredients has not been thoroughly researched.  This research provides a review of 
BSE‟s impact on world protein supply and provides a different perspective, relating to trade of 
animal-based protein feed ingredients.  Additionally, the impact of trade restrictions of MBM on 
broiler performance will be investigated as it relates to developing countries where feed material 
availability may be limited.  This research should serve as a catalyst to further investigate the 
impact of specific BSE regulatory restrictions, as well as other potential animal health concerns, 
and the impact animal health standards and regulatory requirements have on global trade and 
availability of protein feed ingredients and the potential impact on animal performance.     
E. OVERVIEW OF METHODOLOGY 
The research conducted in this study utilizes existing government databases to 
quantitatively assess the impact of BSE on trade and availability of animal-based protein feed 
ingredients in relationship to oilseed meals and soybeans, substitute protein feed ingredients.  
The research focuses on the period of 2000 to 2009, a ten-year period with available trade data 
for global oilseed meals, meat meal and soybean imports and exports.  To better understand the 
impact of BSE and subsequent regulations on trade of animal-based protein feed ingredients, 
BSE events are assembled in chronological order and imports and exports of oilseed meals, meat 
meal and soybeans are evaluated.  Additionally, exports of meat meal from “negligible BSE risk” 
and “controlled BSE risk” countries, as defined by OIE in May 2011 (OIE, 2011a), are compared 
to determine the impact of BSE status on trade.  The evaluation looks at historical data and key 
milestones to assess the impact of BSE trade restrictions on protein availability of oilseed meals, 
meat meal and soybeans.  Additionally, the research will provide a literature review of MBM use 
in broiler diets and assess the potential impact to broiler performance, specifically for broiler 
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production in developing countries where MBM could be used as an economical source of 
protein and phosphorus. 
F. RESEARCH QUESTIONS  
1. What are the historical trends of population, per capita consumption of animal protein 
and urbanization? 
2. What are the global animal production trends from 2000 to 2009? 
3. What are the trade trends of protein feed ingredients from 2000 to 2009? 
4. What countries are the top importers/exporters of animal-based protein sources? 
5. Based on historical trade data and BSE events, what trends have occurred in 
imports/exports of oilseed meals, meat meal and soybeans? 
6. Have meat meal exports from both “negligible BSE risk” and “controlled BSE risk” 
countries been impacted similarly?  
7. What is the impact of no available MBM for broiler performance? 
8. Are developing countries more likely to be impacted by trade restrictions of MBM? 
 
G. RESEARCH HYPOTHESES  
1. World protein supply: 
HO:  There is no impact to world protein supply as a result of BSE regulations. 
H1:  It is hypothesized that BSE events and subsequent regulations limited the trade of animal-
based protein feed ingredients. 
H2:  It is hypothesized that BSE events and subsequent regulations have resulted in replacement 




2. MBM Impact on Broiler Performance/production: 
HO:  There is no impact of absence of MBM in broiler diets for poultry producers in developing 
countries. 
H1:  It is hypothesized that absence of MBM in broiler diets creates performance limitations for 
poultry producers in developing countries.   
H2:  It is hypothesized that availability of MBM in broiler diets creates performance 
opportunities for poultry producers in developing countries. 
H. OBJECTIVES AND OUTCOMES  
The specific objective of this study is to provide a comprehensive overview of the impact 
of BSE regulations on the global trade of animal-based protein feed ingredients as it relates to 
oilseed meals and soybeans, and to assess the potential impacts of trade restrictions on broiler 
performance/production in developing countries.  The assessment will provide insights into the 
impact of BSE regulations on animal-based protein feed ingredients by comparing exports of 
meat meal from “negligible BSE risk countries” and “controlled BSE risk countries,” and the 
paper examines the literature to determine the potential performance impact on broilers when 
MBM is not available as a source of protein and phosphorus. 
I. LIMITATIONS 
 The study is limited in its ability to accurately reflect the direct impact of BSE events and 
subsequent regulations on trade of animal-based proteins by changes in other policies influencing 
production, supply and demand of protein feed ingredients.  For example, E.U. and Chinese 
GMO regulations and United States (U.S.) Renewable Fuels Standards as a result of the Energy 
Policy Act (2005) may have also influenced trade of protein feed ingredients.   Second, the data 
is limited to publicly available data sources, such as United States Department of Agriculture 
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(USDA) Production, Supply and Distribution and the Food and Agricultural Organization (FAO) 
of the United Nations (UN), FAOSTAT.  Third, trade data for animal-based protein feed 
ingredients is based on the broad classification of a single category, “meat meal”, which includes 
all meat meals including bovine, porcine, avian, etc.  This broad classification makes it 
impossible to determine the specific categorical impact of BSE on the various sources of meat 
meal, primarily, bovine derived meat meal.  Fourth, the data is limited to reflect a specific time 
period, 2000 to 2009 to reflect relevant BSE events and subsequent regulations with available 
trade data.  Finally, there is no comprehensive database measuring the production of the animal-
based protein feed ingredient category, and thus, the study is limited to reflect trade data of 
animal-based protein feed ingredients, ignoring price.   
J. ASSUMPTIONS 
 Trade data of oilseed meals, meat meal and soybeans is a demand indicator of protein for 
livestock production. 
K. DEFINITIONS OF KEY TERMS 
1. “Animal-based protein feed ingredients” (or animal-based protein meals) refers to 
rendered products of animals, such as beef, lamb, poultry or pork.  
2. “Animal production” refers to animals supplemented with feed, including beef, dairy, 
lamb, poultry, pork or fish. 
3. “Controlled BSE risk countries” are countries in which “appropriate measures are being 
taken to manage all identified risks, but these measures have not been taken for the 
relevant period of time” to prevent the likelihood of BSE in accordance with the World 
Health Organization‟s Terrestrial Animal Health Code (OIE, 2011c). 
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4. “Meat and bone meal” is defined as “the rendered product from mammal tissues, 
including bone, exclusive of blood, hair, hoof, horn, hide trimmings, manure, stomach 
and rumen contents, except in such amounts as may occur unavoidably in good 
processing practices.”  (Association of American Feed Control Officials [AAFCO], 2012) 
5. Meat meal is defined as the “flours, meals and pellets of meat and offal (including of 
marine mammals); greaves and tankage” to be used as animal feed (FAO, 2012).  In this 
research, “meat meal” refers specifically to rendered animal products in trade. 
6. Plant-based protein feed ingredients refers to plant sources of protein, including oilseeds 
and oilseed meals. 
7. “Protein feed ingredients” refers to feed ingredients used in animal production or pet food 
primarily for the protein content, such as oilseeds, oilseed meals (soybean meal, corn 
gluten meal, canola meal, etc.), meat and bone meal, porcine meal, poultry meal and fish 
meal. 
8. “Negligible BSE risk countries” refers to countries in which “appropriate specific 
measures have been taken for a relevant period of time” to prevent the likelihood of BSE 





II. LITERATURE REVIEW 
To adequately examine the impact of BSE regulations on world protein supply and the 
potential impact on broiler performance, this literature review is divided into three categories:  
(1) global animal production, supply and demand, which examines changes in world population, 
per capita income and urbanization, as it pertains to global feed demands, (2) the impact of BSE 
on trade of protein feed ingredients, and (3) a nutritional assessment of MBM‟s impact on broiler 
performance.   
A. GLOBAL ANIMAL PROTEIN PRODUCTION, SUPPLY AND DEMAND 
Huang and Bouis (1996) examined the impact of structural changes on food demand for 
Asian countries, suggesting that overall disposable income may overestimate the effect of 
increased food demand.  The researchers report that the correlation between structural shifts, 
such as “urbanization, changes in tastes, lifestyles, occupations, and marketing systems,” and 
increasing GNP per capita is strong, making it “difficult to separate the two effects empirically in 
time-series estimations.”  However, Huang and Bouis (1996) reported it is likely that “because 
most previous demand studies have ignored these structural shifts, the effects of income on food 
demand have been overestimated.”  Finally, Huang and Bouis (1996) defined some of the 
reasons these “structural shifts” may occur as:  urban migration results in an overall “wider 
choice of foods,” populations are now “exposed to dietary patterns from foreign cultures,” 
“lifestyles place a premium on foods that require less time to prepare,” “transaction costs are 
lower” and “urban occupations are more sedentary than rural ones, requiring fewer calories to 
maintain body weight.” 
Delgado, et al. (1999a), as part of the International Food Policy Research Institute 
(IFPRI), International Livestock Research Institute (ILRI) and the FAO of the UN, assembled a 
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“discussion paper” as part of the “2020 Vision for Food, Agriculture and the Environment,” “an 
initiative of the IFPRI to develop a shared vision and a consensus for action on how to meet 
future world food needs while reducing poverty and protecting the environment.”  This particular 
discussion paper, Livestock to 2020: The Next Food Revolution, examines global animal 
production, consumption of meat, milk and eggs and provides projected trends not only for 
animal production and consumption of meat, milk and eggs, but for net exports of various 
livestock products as well.    
Delgado et al. (1999a) detailed the growth in per capita consumption of animal food 
products and noted the growth was attributed to factors such as “incomes and prices and lifestyle 
changes that cause people‟s dietary patterns to evolve in qualitative ways.”  The paper suggested 
urbanization was the key lifestyle change accounting for growth in per capita consumption of 
meat, milk and eggs, citing Huang and Bouis (1996) and Anderson et al. (1997). 
 Delgado et al. (1999a) reported animal production growth in developing countries, citing 
“the developing-country share of the world‟s stock of animals rose to two-thirds of all pigs, fowl, 
sheep, and goats, and three-quarters of all cattle and buffalo in 1993.”  Delgado et al. (1999a) 
provided some insight in how feed demands were met in developing countries as well, reporting 
“Feed requirements could no longer be met from domestic supplies of cereals and other 
concentrates.  Asia began to import large amounts of feedgrains, mainly from the developed 
countries.  At this point the industrial production of pork, poultry, and eggs that emerged was 
more efficient at using imported feeds.”  Delgado et al. (1999a) also provided further input for 
how developing countries will meet grain demand needs in the future: 
Most of Asia, WANA, and Sub-Saharan Africa lack the capacity to produce substantial 
amounts of feedgrain at competitive prices.  The growing amounts of feedgrains imported 
into these regions attest to this deficiency.  Given that many developing countries cannot 
expand crop area, two possibilities remain:  intensification of existing land resources and 
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importation of feed.  Because much of the gain from intensification will probably go 
toward meeting the increasing demand for food crops, substantially more feedgrains will 
have to be imported by developing countries in the future. 
 
Projections from Delgado‟s discussion paper (1999b) predicts growth in total beef, pork, 
poultry, meat and milk production for developed and developing countries through 2020.  While 
developed countries are expected to raise total beef, pork, poultry, meat and milk production 
from a total of 436 to 489 million metric tons, a 12.2% growth, developing countries are 
expected to raise production from 337 to 756 million metric tons, a 124.3% growth.  However, 
per capita consumption projections indicate developed countries will consume 352 kg of beef, 
pork, poultry, meat and milk while developing countries will consume a combined 120 kg.   
Bongaarts (2001) evaluated world human population growth and demographic changes.  
UN population projections were used to present trends in demographic changes.  It was noted 
that “four billion people have been added since 1950,” reaching 6.5 billion in 2005 with 
projections for 2050 of 9.2 billion, and “nearly all of this future growth will occur in the „South‟ 
– i.e. Africa, Asia (excluding Japan, Australia and New Zealand), and Latin America – where 
population size is projected to increase from 5.3 to 7.9 billion between 2005 and 2050.”  
Bongaarts attributes the population growth as part of a two-phase transition in which the first 
phase is characterized by “growth rate rises as the death rate declines while the birth rate remains 
high.”  Bongaarts describes the second phase in which “the growth rate declines (but remains 
positive) due to a decline in the birth rate.” 
 Speedy (2003) examined global animal production using interpreted data and statistics of 
the Food and Agriculture Organization (FAO) of the United Nations.  Data indicate animal 
production is growing rapidly as a result of increasing demand, and Speedy (2003) attributes the 
driving growth factor in animal production to an increase in country wealth, as measured by 
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GDP.  Increases in poultry, pigs, eggs and milk are greatest according to Speedy (2003).  
Importantly, Speedy notes increased supply of meat, milk and eggs is limited to certain countries 
and regions, “and is not occurring in the poorer African countries.”  However, Speedy highlights 
that “since 1960, global meat production has more than trebled, milk production has nearly 
doubled and egg production has increased by nearly four times.”  The research also provided 
insight into future animal production, noting “A joint IFPRI/FAO/ILRI study (2) suggested that 
global production and consumption of meat will continue to rise, from 233 million metric tons 
(Mt) in the year 2000 to 300 million Mt in 2020, as will that of milk, from 568 to 700 million Mt 
over the same period” and “egg production will also increase further by 30%.”  Speedy (2003) 
raises questions over the food-feed controversy, posing the question “whether there should be a 
focus on increasing ASF (animal sourced foods) consumption and particularly whether cereals 
and other foods that humans can eat should be fed to livestock.”  It is reported that just over one-
third of all cereal grains produced are fed for livestock production (670 million metric tons).  
Speedy (2003) suggests cereal grains used for animal feed may actually help “serve as a buffer” 
since “the commercial livestock sector is extremely responsive to the price of cereals; whenever 
shortages raise cereal prices, livestock producers tend to reduce their use of cereals as feed, 
releasing more for food use.”  The importance of meat, milk and eggs as dietary contributors of 
protein, B-vitamins, and other micronutrients are highlighted, specifically as it relates to 
improving the health of people in poorer countries, such as Africa.  Finally, Speedy (2003) notes 
that while developed countries have overconsumption of meat, milk and eggs, livestock 
production should be increased in many developing countries to “improve physical and mental 
health and fitness.” 
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Tweeten and Thompson (2008, 2009) examined the impact of long-term global 
agricultural output supply-demand balance noting that “global agricultural demand will grow in 
coming decades mainly from population gains.”  Eight food categories were examined by 
Tweeten and Thompson (2008, 2009), representing 95% of global food production.  
Additionally, it was noted that “rising income also will add to the demand for farm output, 
especially in developing countries where a sizable share of income is spent on food.”  
Tweeten and Thompson (2008, 2009) noted “if demand for farm output were 
proportional solely to population and the low population growth variant prevailed, demand for 
farm output would be only one-fourth greater in 2025 and 2050 than in 2000.”  However, 
population growth is not the only factor impacting demand for farm output.  Thus, the research 
report suggests “a more realistic projection based on medium population variant and including 
nonfood demands is that overall demand for farm product will be 143 percent of year 2000 
output in 2025 and 179 percent of 2000 output in 2050.” 
Tweeten and Thompson (2008, 2009) show global food supply by group and total 
predicted as a percent of 2000 for 2025 using FAO (2008) global annual yield data.  Based on 
their calculations, meat is predicted to increase 113 (linear) or 115 (quadratic) percent by 2025 
and 126 percent (both linear and quadratic) for 2050. 
 The FAO (2009) provided a report outlining challenges on “How to feed the world in 
2050,” including population growth, projected socio-economic changes, resource assessment, 
requirements for food security and risks and challenges to achieve food security for a 2050 
global population.  FAO (2009) suggested a population 34 percent larger than 2009, an estimated 
9.1 billion, of which “nearly all of this population increase will occur in developing countries.”  
FAO (2009) further focuses on the urbanization of the global population suggesting 70 percent of 
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the world‟s population will live in urban settings in 2050 compared to 49 percent in 2009.  
Additionally, FAO (2009) suggests incomes will continue to rise and “in order to feed this larger, 
more urban and richer population, food production (net of food used for biofuels) must increase 
by 70 percent,” in which grains will need to grow from 2.1 billion tons to 3 billion and meat 
production will rise from 200 million tons to 470 million tons.  “The future growth of food 
demand will be the combined effect of slowing population growth, continuing strong income 
growth and urbanization in many of the developing countries and associated shifts in diet 
structures, especially in the most populous ones, and gradual food saturation in many developing 
countries, as is already the case in developed countries.”  Additionally, the FAO (2009) report 
suggests that imports of food and commodities will be increasingly important, noting “many 
countries will continue depending on international trade to ensure their food security.  It is 
estimated that by 2050 developing countries‟ net imports of cereals will more than double from 
135 million metric tones in 2008/09 to 300 million in 2050.” 
Kearney (2010) looks at food consumption trends and projections to 2050.  Kearney 
(2010) examines calories (by region) provided by major food sources.  He identifies two phases 
of change in regions in which caloric consumption increases.  He notes that “in the first stage, 
known as the „expansion‟ effect, the main change is in terms of increased energy supplies, with 
these extra calories coming from cheaper foodstuffs of vegetable origin (Smil, 2000),” adding 
that this process has occurred in both developed and developing countries.  Secondly, he 
characterizes the next phase as the “substitution” effect, in which “a shift in the consumption of 
foodstuffs with no major change in the overall energy supply.”  He explains this second stage 
results in a shift from carbohydrate based energy sources, such as cereals, roots and tubers, to 
animal products, such as meat and dairy foods, and sugar.  Kearney adds that the first stage is 
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influenced by “culture, beliefs and religious traditions” and “can influence the extent to which 
animal products substitute vegetable products and the specific types of meat and animal products 
consumed.”  Kearney summarizes major categorical contributions of:  (1) cereals, (2) meat, (3) 
eggs and milk, (4) fish, (5) vegetables, roots, tubers, pulses and fruit, and (6) energy, 
characterized as vegetable oils, animal fats and sugar.  In short, meat consumption has increased 
considerably in developed countries such as the U.S. and the U.K., and even in developing 
countries such as Brazil and China, but Kearney projects that “it is not expected that countries 
such as India and Africa will see anything like these increases in the consumption of meat in the 
coming decades.”  Kearney also addresses beef and “mad cow disease”, noting that much of the 
global increase in animal protein consumption can be attributed to poultry consumption, and beef 
“is the one meat group that on a worldwide level showed no increase in consumption levels 
during this time.”  A moderate global increase in meat consumption for 2050 is expected, 
reflecting the increase in pork and poultry according to Kearney, contributing to the decline in 
energy consumed from carbohydrate sources.  Kearney also tackles the driving forces behind 
global food consumption trends, noting that global per capita income, urbanization, trade 
liberalization, “transformational food corporations (franchises and manufacturers), retailing, 
consumer attitudes and behavior, and food industry marketing all play a role in changing food 
consumption trends.”  Kearney notes that global urbanization is currently over 50%, and will 
“proceed slowly in many industrial and transition countries…” and “will continue unabated in 
those countries where the vast majority of the country is rural.”  Kearney points out that 
urbanization results in improved marketing and better distribution of foods through large 
supermarkets and developed transportation structures.  Additionally, Kearney notes that caloric 
consumption increases with urbanization and food availability by the fast-food industry 
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“providing quick access to cheap take-away meals.”  Kearney adds support for this theory using 
data from the China Health and Nutrition Survey in which urban residents consumed more 
animal products than rural residents.  Trade liberalization, as noted by Kearney, has increased 
availability and lowered prices of “calorie-rich, nutrient-poor and high in saturated fats and salt, 
compared with healthy foods,” and “changes in trade policies have facilitated the rising 
availability and consumption of meat, dairy products and processed foods (Thow & Hawkes, 
2009).”  Kearney concludes noting that future food policy should consider a “sustainable pattern 
of food consumption” in which “sufficient supply of staples and of micronutrient-rich foods 
without encouraging excessive consumption of energy-dense, nutrient-poor foods,” advocating 
Feenstra (2002) saying “we should endeavour towards „A collaborative effort to build more 
locally-based, self-reliant food economies – one in which sustainable food production, 
processing, distribution, and consumption are integrated to enhance economic, environmental 
and social health‟.”    
Godfray et al. (2010) examined factors influencing the supply and demand side of 
providing food to the world‟s future population of an estimated 9 billion people.  Godfray et al. 
(2010) outlined key drivers of demand as population change, per capita consumption of food, 
dietary patterns, urbanization, and per capita income.  Supply-side drivers included crop yields, 
animal genomics, nutrition and production, oceanic fishing, inland aquaculture, and even wild 
foods for developing countries.  Importantly, Godfray et al. (2010) note in the conclusion that 
“another theme that emerges is the importance of taking a „competing risks‟ approach to 
regulation in the food system – it is too easy to close off options by applying naïve versions of 
the precautionary principle.  The world is going to have to produce more food, and unless much 
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of the Earth‟s remaining biodiversity is to be destroyed, this will need to be done without 
expanding the area under cultivation.” 
Hume et al. (2011) evaluated the future of livestock production and sustainable practices 
to minimize the environmental impact, providing an “optimistic” outlook.  The paper suggests 
advancements in animal husbandry will help meet growing demands for meat products, 
specifically referencing genome knowledge, reproductive technologies as well as the evolution 
of “more intensive integrated farming models that control inputs and outputs to minimize the 
impact and improve efficiency.”  Hume et al. (2011) notes that “livestock themselves consume 
energy derived from plants that might otherwise be consumed directly by humans; although pigs, 
poultry and cultivated fish are the fastest growing sectors of livestock production, ruminant 
animals remain important.”  Additionally, it was noted that “the demand for animal protein will 
probably continue to grow over the next 20 years, especially in developing countries as they 
become more affluent.  There is little likelihood that vegan diets will be acceptable for many 
people or prevalent in the medium term, and the dairy and poultry (egg) sectors, which provide 
acceptable animal protein sources to vegetarians, especially the poultry sector, are currently 
highly dependent upon grain.”  Finally, the dichotomy of developed versus developing countries 
is addressed, adding “modest decreases in meat consumption in some developed countries will 
be more than outweighed by growth in demand in emerging economies and the developing 
world.” 
B. IMPACT OF BSE ON WORLD PROTEIN SUPPLY 
 Nancy Morgan (2003) of the Commodities and Trade Division of the FAO highlighted 
the repercussion of BSE on international meat trade.  It was noted that as BSE was discovered in 
BSE-free European countries, countries around the world responded by “restricting access to 
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E.U. livestock and bovine meat product exports.”  Additionally, consumer responses were not 
favorable, dropping 40 percent in late 2000 according to Morgan.  Morgan‟s presentation (and 
paper) in 2003 “attempts to evaluate the impact of the recent escalation in BSE cases on world 
trade in meat products and prices.”  Morgan describes three possible scenarios as a result of BSE 
outbreaks in 2000, all of which would result in negative impacts to the beef industry, including 
decreased consumption and trade, at the expense of poultry.  Importantly, Morgan (2003) 
highlights concerns over impacts on other sectors of the animal industry, primarily feed.  Morgan 
notes the feed ban, in which the ban of ruminant meat and bone meal in animal feeds, is forcing 
use of alternative protein feed ingredients such as rape/sunflower seed meal, soybean meal, 
fishmeal, wheat, maize, beans, peas, and synthetic lysine.  Morgan (2003) adds that oilseed 
imports to the E.U. could increase by 1.3 million tons if the MBM ban continues, and “while 
MBM prices have declined over the past six months, prices for other protein meals are unlikely 
to rise significantly,” possibly aided by reduced animal numbers in the E.U.  Morgan puts the 
increase in E.U. oilseed imports in perspective, noting that 1.3 million tons “represents less than 
2 percent of world supplies of major oilmeals and 3 percent of global trade.”  
Coffey et al. (2005) provided a comprehensive assessment of the impact of BSE on the 
U.S. beef industry, evaluating product value losses, regulatory costs and consumer reactions, as 
well as offering regulatory policy alternatives.  The study focused specifically on the impact of 
BSE regulations as a result of a BSE confirmed positive cow in the U.S. in December 2003.  In 
response, the USDA: 
issued rules designating certain tissues (e.g., small intestine and tonsils of all cattle; 
brains, eyes, spinal cord of cattle over 30 months of age) as specified risk materials 
(SRM) not allowed in human food.  FSIS also banned entry of material from downer 
cattle into the human food chain.  To further reduce the risk of BSE spreading, the Food 
and Drug Administration (FDA) proposed enhancing the existing ruminant feed ban by 
removing the exemption for blood products and banning plate waste and poultry litter.  
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The Animal and Plant Health Inspection Service (APHIS) stepped up BSE surveillance 
efforts and announced that they would conduct BSE tests on “as many cattle as possible” 
from the population of high-risk cattle in a 12- to 18-month period beginning in June 
2004. 
 
Coffey et al. (2005) noted that “the regulations introduced in 2004 led to changes in cattle 
procurement, employment, employee training requirements, food safety plans, capital 
investments, and marketing opportunities for the beef industry.”  It was estimated “the net 
economic cost to the beef industry in 2004 from FSIS Interim Final Rules to be approximately 
$200 million,” and specifically, associated costs of an SRM ban in animal feed “would be $2.16 
per head for fed slaughter and $6.77 per head for non-fed slaughter” while a “complete ban on 
ruminant derived proteins would be $14.01 per fed animal and $12.35 per non-fed, in addition to 
adding $4.50 per head to feed costs for a fed animal.” 
Coffey et al. (2005) also examined both the export and domestic market.  It was reported 
the U.S. beef export market in 2003 totaled $3.95 billion, “9.6 percent of U.S. commercial beef 
production” and export quantities “declined 82 percent below 2003‟s level.”  
Mathews et al. (2006) examined the economic chronology of BSE in North America.  
The report highlighted beef cattle prices, export of beef for human consumption and reported that 
consumer perception is a key component of beef demand.  Mathews et al. (2006) noted that BSE 
discovery in the U.S. in 2003 “occurred during a period marked by low beef supplies, near-
record prices, and strong domestic demand for beef, little of which changed following the 
announcement.”  Mathews notes the following:   
the May 2003 closure of Canadian cattle and beef exports following the first Canadian 
case of BSE exacerbated the supply and price situation… consumer responses in both the 
U.S. and Canada were much different than those in other countries where BSE has been 
discovered… demand in the United States did not shift; that is, consumer response to 
BSE did not lead to reduced beef consumption at lower prices.  In the same vein, U.S. 




Thus, Mathews et al.‟s (2006) conclusion was that the impact of BSE “was mitigated by 
market conditions.”  Importantly, it should be noted that Mathews et al. (2006) highlighted trade 
restrictions of beef as a result of the December 2003 confirmation of a BSE cow in the United 
States, noting important importers of U.S. beef, such as Japan, Taiwan and South Korea. 
Mathews (2008) evaluated the costs and lost value impact of feed-related regulatory 
responses to BSE highlighting the changes required by the producer and processor that can have 
significant long-term impacts on consumer costs noting that “these policy-induced effects can be 
much greater and much longer lasting than the immediate economic effects of the disease.”  The 
paper focuses on the impact related to restricted feeds or feeding as “a means of preventing or 
mitigating the spread of animal diseases.”  Mathews reported the “lost value of product to the 
rendering industry, including a decline in value of meat and bone meal; and costs of supply 
disruptions and substitutions within the feed market sector.” 
Mathews (2008) notes “the effects from BSE-related feed-policy responses are 
widespread and extend far beyond the cattle and beef industries” due to “the number of 
industries dependent on outputs from the byproduct and rendering industries and feed 
manufacturing sectors.”  Mathews highlights use of rendered products in “cosmetic, 
pharmaceutical, manufacturing, and other industries.”  Additionally, Mathews (2008) cites 
Informa Economics (2005) and Coffey et al. (2005), in noting that “new regulations can also 
saddle industries with costs associated with disposal of these hazardous materials in an 
environmentally benign manner.”   
Mathews (2008) added that “as MBM use in the United States declined, prices for 
substitute sources of high-quality livestock protein feedstuffs increased, although prices for 
proteins continued to move together, despite regulatory effects on MBM.”  Mathews (2008) 
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outlines four periods in which BSE events “resulted in regulatory/policy responses” in the United 
States, which included:  (1) TSE discovery in 1986, (2) 1996 BSE discovery in European 
countries other than the United Kingdom, and “more importantly, with the announcement in 
March 1996 of a potential link between vCJD in humans and BSE in cattle,” (3) the 
identification of native-born cases of BSE in Europe in 2000 and (4) the discovery of a BSE 
positive cow in the U.S. that had been imported from Canada. 
Mathews (2008) illustrates the decline in U.S. MBM prices over time, indicating a sharp 
decline in 1997 following the feed ban which prohibited MBM in ruminant feeds and in 2004 
and 2005 following the discovery of a positive BSE cow in the U.S.  Importantly, Mathews 
(2008) highlights an important “segmentation of the MBM market into two markets beginning in 
the summer 1997, porcine (derived primarily from hogs, horses, and other non-ruminant 
animals) and ruminant-derived MBM.”  Additionally, he notes that “porcine MBM averaged a 
premium of $15.78 per ton over the period January 1998-December 2003” citing Coffey et al. 
(2005). 
Mathews (2008) also notes “the increasing use of distiller‟s grains at attractive prices is a 
confounding factor in any BSE-related, and therefore, protein-related analysis.” 
Mathews (2008) cites Food and Drug Administration (FDA) and Food Safety Inspection Service 
(FSIS) late December 2003 and January 2004 promulgation of rules which “required slaughter 
houses to remove additional products from cattle and implicitly challenged industries to find new 
uses for or means to dispose of materials on the expanded list of cattle materials prohibited from 
animal feeds (CMPAFs, formerly SRMs, or specified risk materials) and other materials banned 
from human or animal consumption” increased production costs resulting in revenue declines for 
“producers and processors of beef products and byproducts.” 
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Mathews (2008) refutes Coffey et al.‟s (2005) assumption that a ban on all mammalian 
protein fed to any animal would result in a “13.6-percent decrease in protein meal supplies” due 
to the fact that Coffey et al.‟s data was based on “MBM shares of total proteins prior to the 1997 
feed ban.”  He adds that “more recently, MBM represents a less-than-8-percent share of total 
proteins (excluding proteins in such feedstuffs as alfalfa hay, distillers‟ grains, and corn gluten 
feed).  Given a less-than-8-percent share, a complete ban would likely result in a much smaller 
increase in soybean meal and other protein prices than Coffey et al.‟s estimate of 100 percent.”  
Paarlberg et al.‟s (2008) provides a simulated model using foot and mouth disease as a 
tool to illustrate the negative repercussions of animal disease outbreaks.  Paarlberg et al.‟s 
simulated model indicates that trade restrictions on animal products increase domestic supply, 
“while U.S. consumers benefit from lower prices during the quarters in which U.S. exports are 
assumed to be embargoed.”  Additionally, Paarlberg et al. notes that “because loss of U.S. 
exports is linked to length of an outbreak, control strategies that reduce the duration of the 
outbreak predominate.” 
Sun et al. (2008) examined China‟s future needs for protein feed ingredients and its 
potential impact on world agricultural trade of protein sources for livestock.  It was noted that 
demand for protein feed ingredients was increasing as a result of increasing consumer demand 
for livestock products, and quality and food safety of livestock feed are not only important to the 
government, but to consumers as well.  Sun et al. (2008) indicated that “considerable public 
opinion has focused its attention on availability, quality and safety of the protein source for farm 
animals.”  It was added that China needs cost-effective options to meet the growing demand for 
protein feed ingredients.   
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Sun et al.‟s (2008) evaluation compared demand and supply for “protein-rich meals 
(soybean meal, fish meal and meat and bone meal)” to oilseeds (soybean, rapeseed, and 
sunflower seed) for household livestock and commercial livestock production, converting oilseed 
usage on a protein basis.  The results show that structural shifts in livestock production 
(household livestock to commercial livestock production) “has significant impact on protein feed 
demand and utilization” by increasing protein demand.  Importantly, Sun et al.‟s (2008) research 
suggests that China‟s domestic supply of protein meals through 2020 will remain virtually 
unchanged, suggesting:         
The scenario results indicate that China‟s protein-rich meals scarcity in China will 
continue and rise. Since the availability of protein sources from other protein meals will 
not significantly increase from domestic or from overseas sources, China‟s rising demand 
for protein will significantly depend on the growth of soybean meal supply. Moreover, 
due to a rapid increase in oilseed crushing capacity and soy oil consumption, China 
should import soybean directly, rather than importing soybean meal or soybean oil. 
 
 Finally, Sun et al. (2008) indicates that protein-rich meals are more elastic to livestock 
production when compared to oilseeds, and “the demand of protein-rich meals is a derived input 
demand from livestock production.”   
Informa Economics (2011), an agricultural consulting firm, prepared A Profile of the 
North American Rendering Industry in March 2011 for The National Renderers Association 
noting the following:   
in recent years the industry has faced considerable regulatory challenges, particularly 
related to the types of material that can be used to produce proteins used in ruminant 
livestock feed.  The regulations are motivated by efforts to control the spread of BSE to 
the nation‟s livestock herd, but with aggressive and successful measures already in place, 
additional controls offer no proven risk reduction and can have important and detrimental 
environmental consequences (including for livestock and human health) if they result in 





The National Renderers‟ Association (NRA) is a non-profit trade association that 
represents the regulatory and legislative interests of rendering companies.  NRA compiled 
member information about the rendering industry and provided the data to Informa Economics, 
who in turn developed a comprehensive industry summary of rendered raw material volume and 
use of rendered products.  Additionally, Informa used export data to compile trade analysis.  
Informa Economic‟s assessment notes “the total volume of these raw materials processed is 
estimated at 48.32 billion pounds in 2010, about 91% of which consists of slaughter by products, 
5% is restaurant grease, and 4% is waste from grocery stores and butcher shops.”  Additionally, 
“the total volume of material processed in 2010 was down 5.1% from 2008, with volume 
declines in each of the three major raw material stream.”  Informa adds that 2010 volume was 
down 3.5% from 2005 and “the year-to-year fluctuation in raw material volumes processed 
largely reflects fluctuations in the volume of by-products generated by the meat supply chain, 
since there is relatively little competition for these by-products from non-rendering entities and 
few economically feasible, environmentally sound large-scale disposal alternatives outside of 
rendering.” 
When considering rendered products, it is important to understand raw material streams, 
and in the case of animal protein by-products in the U.S., commercial production is critical.  
Informa provides data on animal production, noting that “total U.S. commercial meat production 
(including beef, pork and poultry) in 2010 was 91.22 billion pounds, just over 1 billion pounds 
more than in 2009 but nearly 2 billion pounds (1.9%) less than was produced in 2008.”  Informa 
adds that:  
the nearly 5% decline in the slaughter by-products processed by the rendering industry 
since 2008 appears at first glance somewhat inconsistent with a decline in commercial 
meat production (and therefore livestock slaughter) of only 1.9%, but the actual 
relationship between meat production and slaughter by-products rendered is complicated 
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by several factors, including differences in by-product yields among individual species of 
livestock; changes in the volume of deadstock livestock rendered… and possible 
variations in carcass weights that can affect carcass yields and by-product volumes.  
Therefore, the decline in slaughter by-products here is reasonably consistent with the 
fluctuation in commercial meat production, particularly when considering that the 
increase in by-product volume since 2005 (4.9%) closely matches the 5.8% increase in 
commercial meat production over the 2005-2010 period. 
 
Informa provides estimates of production of rendered proteins by type, noting that over 
9.2 billion pounds of material were processed into the following categories: ruminant meat and 
bone meal, poultry by-product meal, non-ruminant, mammalian meat and bone meal, mixed 
ruminant/non-ruminant meat and bone meal, feather meal, other proteins (fishmeal, gel bond, 
raw meat for pet food, lamb meal and others), ruminant blood meal and non-ruminant, 
mammalian blood meal.  Informa Economics (2011) notes that while ruminant meat and bone 
meal is the largest category, producing nearly 3 billion pounds (or 31% of total production), 
mixed ruminant/non-ruminant meat and bone meal accounts for 15.1%, meaning “more than 
45% of all rendered protein products are prohibited from use in ruminant livestock feed.  Informa 
Economics (2011) reports that poultry by-produuct meal accounts for slightly more than 1.7 
billion pounds (18.9% of the total), which is the second most by rendered product category.   
Informa Economics (2011) notes that independent renderers process 52% of the rendered 
products in the U.S while integrated renderers compose the other 48%.  Importantly, Informa 
Economics adds that:  
independent renderers, on the other hand, almost always collect raw materials from many 
sources, often including by-products from multiple species.  As a result, a large 
proportion of the protein meals produced by independent firms are mixed species MBM, 
which is limited to the same markets as ruminant MBM.  However, independent 
renderers also produce important quantities of single-species MBM, either by devoting 
individual plants or processing lines to these species, or by limiting their raw material 
collections to by-products from single species meat processing facilities.   
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Informa Economics provides insights into the use of rendered animal proteins as well.  
While poultry is the biggest consumer of rendered proteins at 39%, pet food is second at 31%, 
followed by swine (9%) and export markets (8%).  More than 75% of the U.S. rendered exports 
are sold by independent renderers (Informa Economics, 2011).  Informa Economic‟s assessment 
of the regulatory impact of BSE on exports is captured in the following:   
MBM exports have been severely restricted since 2003 when the first BSE-infected 
bovine was discovered in the United States.  Following this event, many countries 
imposed arbitrary restriction on imports of MBM from the United States that go well 
beyond OIE guidelines, and US exports to many of these markets have never recovered.  
These import restrictions are targeted primarily toward ruminant-based and mixed-
species MBM, but have likely had some negative impact on markets for non-ruminant 
MBM, as well.   
 
Importantly, the Informa Economics (2011) analysis explains the broad classification of 
“flours, meals and pellets, or meat or meat offal, unfit for human consumption; greaves 
(cracklings)” by the Harmonized Trade Schedule (HTS) code 2301100000 makes it “impossible 
to distinguish between different types of rendered proteins, other than feather meal, which is 
classified individually under HTS code 505902020.”  Informa Economics (2011) illustrates the 
impact of the U.S. BSE incident on MBM exports by showing a sharp decline in exports noting 
that “prior to 2003, MBM exports were growing rapidly and exceeded 600,000 short tons in 
2002.”  In 2004, MBM exports were approximately 150,000 short tons, and “since then are only 
slowly recovering and remain less than half of their recent peak.”  
Finally, Informa Economics‟ (2011) assessment of export markets post-BSE confirmation 
follows:   
the recovery in MBM exports is limited to a small number of countries that today 
account for the bulk of imports from the United States.  As recently as 2002 US 
exporters shipped MBM to 15 destinations worldwide, with the largest market 
destinations capturing 75% of the total export shipments.  Export sales are far 
more concentrated today, with Mexico emerging as the leading destination and 
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only three markets (Mexico, Indonesia and Canada) responsible for 92% of all US 
MBM exports. 
 
C. NUTRITIONAL ASSESSMENT OF MBM’S IMPACT ON BROILER 
PERFORMANCE  
Martosiswoyo and Jensen (1988a) evaluated the available energy in meat and bone meal 
as measured by different methods and varying levels of MBM inclusion in the diet.  Results 
showed that “in general” MEn values were higher for the 20% MBM inclusion than the 40%.  
Additionally, Martiosiswoyo and Jensen‟s (1988a) findings suggested that the higher MBM 
inclusion levels produced ME results (2.2029 kcal/g on an “as is” basis} in agreement with NRC 
(1984).  Based on the findings, researchers suggested “An MEn value between 2.3 and 2.5 kcal/g 
appears more appropriate when MBM is used at practical levels in balanced poultry diets.”     
Martosiswoyo and Jensen (1988b) evaluated the effect of formulating diets using 
differing meat and bone meal energy data on broiler performance and abdominal fat content.  
Suggesting ME values for MBM may be underestimated, researchers conducted two studies in 
which MBM was assigned ME values of 1,960 (NRC, 1984), 2,250 or 2,500 kcal/kg, and MBM 
was included at 10% of the diet.  For males and females, feed:gain ratios were not significantly 
different, but male broilers consuming the MBM based on ME of 1,960 or 2,250 resulted in 
significantly higher abdominal fat deposition than the assigned MBM ME of 2,500.  For female 
broilers, no significant difference in abdominal fat deposition was observed.  Martosiswoyo and 
Jensen (1988b) suggested “the results show that an ME value higher than that given in the NRC 
table should be used for MBM in practical diets and that females are less sensitive than males to 
the influence of calorie:protein ratio on abdominal fat deposition.”       
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Waldroup and Adams (1994) evaluated the biological value of phosphorus provided by 
animal proteins in the broiler chicken diets.  Diets containing a range of non-phytate phosphorus 
levels from poultry byproduct meal, beef MBM, pork MBM, mixed beef and pork MBM or feed-
grade mono-dicalcium phosphate were fed to chicks from day 1 to 21.  Tibia ash was used to 
measure the biological value of phosphorus from the various sources.  Waldroup and Adams 
(1994) reported that “in no instance was there any significant difference in slope of the response 
line between individual animal protein sources and the reference standard mono-dicalcium  
phosphate; no difference between the combined poultry byproduct meal or combined meat and 
bone meal samples vs. the reference standard mono-dicalcium phosphate appeared either.”  
Additionally, no live performance differences existed between animal protein meals or feed-
grade mono-dicalcium phosphate either.  Waldroup and Adams (1994) concluded that “a 
reduction in assigned phosphorus availability of animal protein byproduct meals relative to feed-
grade phosphorus sources does not appear warranted.” 
Firman and Remus (1994) evaluated the impact of the addition of fat to meat and bone 
meal on digestibility of cecetomized roosters and female turkeys.  Results showed the addition of 
10% or 25% corn oil to meat and bone meal increased average amino acid digestibility in the 
roosters, with similar results in female turkeys.  Firman and Remus (1994) suggested the 
“addition of corn oil to the diet may influence the absorption of amino acids in the gut,” adding 
the fat decreases gut motility, increasing transit time which results in increased digestion and 
absorption.  Finally, researchers noted: 
In the two rooster studies, meat and bone meal digestibility of some amino acids changed.  
This change may reflect lot differences in this product.  The improved digestibilities of 
certain AA in the corn oil treated meat and bone meal reveal that traditional assay 
methods may underestimate the digestibility of these amino acids if fat is added to 
poultry diets.  Since methionine and lysine are limiting amino acids in poultry rations and 
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respond to fat addition, it may be beneficial to use this information in diet calculation 
based on amino acid digestibility. 
 
Parsons et al. (1997) evaluated protein and amino acid quality of meat and bone meal by 
examining variability in in vivo protein quality between samples of MBM and the correlation 
between in vivo predictors of protein and amino acid quality and in vitro data.  Parsons et al. 
(1997) cited that variations in raw materials and processing methods can influence the variability 
in protein quality from MBM, and consequently, it is “one of the most important concerns, and 
often limitation, in its use in poultry and livestock rations.”   As a result, it is noted there is a 
need to “better characterize or quantify the variability in in vivo protein quality among 
commercial MBM.”  Results showed that true amino acid digestibility and TMEn value were 
significantly lower (P<0.05) in conventional roosters compared to cecectomized roosters.  
Parsons et al. (1997) summarized with the following: 
Pepsin N digestibility using 0.2% pepsin, KOH protein solubility, and multi-enzyme pH 
change were not significantly correlated with in vivo protein quality.  Ash content was 
negatively correlated (-0.80, P<0.05) with protein efficiency ratio.  These results 
indicated that there is substantial variation in protein quality among commercial MBM 
and that pepsin N digestibility and ash content are correlated with some in vivo protein 
quality measurements. 
 
Dale (1997) evaluated the metabolizable energy of MBM by fractionating the bone and 
meat+fat portion.  He noted that NRC values for MBM ME appear to be too low, citing that 
research has suggested higher levels of MBM inclusion may “compromise the utilization of other 
nutrients in meat and bone meal.”  It was also noted that research has shown MBM has a higher 
ME when incorporated at lower levels in the diet.  Dale (1997) proposed that “if the minerals 
present in meat and bone meal interfere with the optimal digestion and absorption of fat and/or 
protein, assaying the meat+fat fraction separately could yield a more accurate assessment of 
ME.”  Dale (1997) reports that a “consistent increase in energy was observed when meals were 
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evaluated as separate fractions,” and results indicate that when MBM is evaluated at 10% 
inclusion level, TMEn values increase.  It is noted that Ca and P would not be excessive at 10% 
MBM inclusion, and industry is not likely to formulate at excessive Ca and P levels.  Thus, Dale 
(1997) recommends “it is appropriate to assign a higher value to meat and bone meal than would 
be obtained through routine AMEn or TMEn assays.” 
Noting that Ca and P levels can vary in MBM, Mendez and Dale (1998) developed and 
evaluated a rapid assay method to estimate Ca and P.  Mendez and Dale (1998) cited research by 
Shutze and Benoff (1981) in which more than 3000 samples were reviewed and “reported ranges 
in Ca from 3 to 15% and in P from 2 to 6%.”  While Mendez and Dale (1998) note this level of 
variability is extreme and unlikely when receiving samples from the same supplier, MBM can 
contain varying levels of bone.  The researchers add that varying levels of Ca and P are critical 
for nutritionists to adequately formulate diets that optimize chick performance. As a result, the 
ability to quickly assess MBM to determine Ca and P levels on incoming ingredients is essential 
for more precise formulation.  Mendez and Dale (1998) developed a rapid estimate method for 
ash, Ca and P content of MBM using a flotation/sedimentation technique concluding “that the 
use of the rapid assay can provide a reliable estimate of the Ca, P, and ash content of MBM.”  
However, the researchers noted this test is not intended to replace laboratory techniques, but 
instead is a tool for “rapid detection of MBM with abnormally high or low bone (and hence Ca 
and P) content so that quality control personnel can take appropriate action…” 
Wang and Parsons (1998a) evaluated the amino acid digestibility of meat and bone meal 
based on raw material source, processing systems, and processing temperatures and determined 
that processing systems and temperature can influence amino acid digestibility in commercial 
rendering operations.  Seven different commercial cooking systems and two temperatures (high 
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and low based on 15 to 20C difference) were evaluated.  The study looked at different MBM 
sources, including beef, pork, mixed products and high ash MBM via a cecectomized rooster 
assay and protein efficiency ratio (PER).  The results indicate that Lys and Cys true amino acid 
digestibility varied greatly based on processing temperatures and systems, ranging from 68 to 
92% and from 20 to 71%, respectively, from different MBM sources.  Additionally, Wang and 
Parsons (1998a) noted:   
The higher processing temperature generally yielded lower amino acid digestibility than 
did the low processing temperature… Our results further indicate that the effect of 
processing temperature may vary among processing systems. 
 
Noting that amino acid (AA) digestibility of MBM can vary greatly and sulfur AA, Met, 
Cys and Lys “are usually the most limiting AA in poultry diets,” Wang and Parsons (1998b) 
evaluated the bioavailability of the digestible lysine and total sulfur amino acids (TSAA) in meat 
and bone meals varying in protein quality.  It was noted that processing time and temperature can 
impact bioavailability of AA of MBM in poultry and research is needed to “determine whether 
digestibility or balance assays, such as the precision-fed cecectomized rooster assay, accurately 
estimate the bioavailability of AA in MBM for poultry.”  Results from the research showed that 
digestible Lys and Met were totally or “almost totally” bioavailable for protein synthesis and 
metabolism in the precision-fed cecectomized rooster model for both the high and low quality 
MBM.  However, approximately 20% or more of the digestible TSAA was not bioavailable for 
chick growth in either low or high quality MBM.  Wang and Parsons (1998b) theorize that “since 
a large difference was not observed between digestibility and bioavailability for Met, the 
discrepancy seems to be associated mainly with Cys.”  Additionally, the researchers note Cys 
digestibility in MBM has been reported low (Parsons et al., 1997), but the bioavailability of 
digestible Cys appears even lower.   
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Waldroup (1999) highlighted strategies for nutritional approaches to reduce phosphorus 
excretion by poultry.  Noting phosphorus is an essential mineral for growing broilers and 
inadequate quantities can be detrimental to poultry performance, Waldroup (1999) explains that 
excessive phophorus excretion by poultry has been an environmental concern and formulation 
strategies can help reduce fecal output of phosphorus.  To achieve reduced phosphorus fecal 
output, Waldroup suggests that phosphorus sources be evaluated and those with the highest 
biological value be used to meet the dietary phosphorus needs of poultry.  Secondarily, 
Waldroup indicates animal byproduct quality control programs must be aggressive to manage the 
variability of nutrient content found in animal byproduct meals.  Finally, Waldroup indicates that 
nutritionists should enhance the utilization of phytate-bound phosphorus by phytase 
supplementation, use of vitamin D isomers that “enhance intestinal phytase or to act additively 
with microbial phytase to improve P utilization in chick diets,” and use of high available 
phosphate corn.   
Drewyor and Waldroup (2000) studied the utilization of high levels of meat and bone 
meal (MBM) in broiler diets comparing low-ash and high-ash sources of MBM in two separate 
experiments.  The purpose of this study was to evaluate the use of MBM at levels higher than 
traditional levels in diets for broiler chickens.  In experiment 1, the “effects of high levels of 
phosphorus independent of the potential problems that might be associated with amino acid 
content and digestibility of meat and bone meal” were evaluated.  Non-phytate phosphorus 
(NPP) ranged from 0.40 to 1.00 in increments of 0.10%.  Calcium was maintained at a minimum 
of 1.0% in the first series of diets while the Ca:NPP ratio was maintained at 2:1 for NPP levels 
greater than 0.50%.  Drewyor and Waldroup (2000) reported that “performance of broilers was 
not impaired by feeding diets containing up to 0.70% NPP when calcium levels were maintained 
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at a minimum of 1%,” and “keeping a 2:1 calcium to available phosphorus ratio did not appear to 
be consistently beneficial.”  Additionally, while feed conversion was hindered with higher levels 
of phosphorus, mortality was extremely low in all treatments.  In experiment 2, total amino acid 
content was measured for two lots of MBM to generate estimated digestible amino acid content 
and formulated with “digestible amino acid requirements set at 100% of NRC total amino acid 
requirements because most NRC total amino acid requirements were established using corn-
soybean meal based diets which are approximately 90% digestible.”  NPP was formulated 
between 0.45% and 0.85% in 0.10% increments “from either dicalcium phosphate, high-ash 
meal, or low-ash meal.”  In experiment 2, body weights of birds consuming either high-ash or 
low-ash MBM at 21 days were equal to or superior to birds fed the control diets and no 
significant differences in body weight existed at 42 and 49 days.  Importantly, Drewyor and 
Waldroup (2000) note that “there were no trends to suggest any depression in body weight as 
dietary phosphorus level increased from either type of MBM,” and “in contrast to Experiment 1, 
inclusion of high levels of phosphorus did not impair feed utilization.”  While no significant 
differences existed in mortality of broilers at 21 days, significant differences were observed at 42 
and 49 days, but no consistent trends were exhibited.  When compared to the mortality rate of 
chicks fed at NRC phosphorus levels, only the low-ash MBM at 0.65% NPP was significantly 
higher.  Drewyor and Waldroup (2000) summarized with the following: 
The results of this study suggest that inclusion of MBM in broiler diets at levels higher 
than traditionally used (up to 12.98% of high-ash and 17.76% of low-ash MBM to 
provide up to 0.85% NPP) had no adverse effects on body weight, feed utilization, 
mortality, or tibia ash content at 21, 42, or 49 days of age, when diets were formulated on 
the basis of estimated digestible amino acid content. 
 
Research by Shirley and Parsons (2000) determined “pressure processing of MBM to 
reduce potential BSE infectivity will likely decrease the nutritional value of MBM.”  Noting 
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temperature and pressure processing standards may be required in the future to reduce the risk of 
BSE for human health concerns, Shirley and Parsons (2000) conducted a series of experiments to 
evaluate the effect of pressure processing on amino acid digestibility of meat and bone meal for 
poultry.  Experiments 1 and 2 looked at the impact of pressure processing after typical rendering 
and experiment 3 looked at the impact of pressure processing during the initial rendering process 
of raw materials.  Pressures ranged from 0 to 60 psi.  Pressure processing typical rendered 
products resulted in significant reduction of true AA digestibilities, reducing Cys and Lys the 
most.  Pressure processing during the initial rendering phase significantly decreased digestibility 
of most AA only at 60 psi.  Additionally, the decrease in digestibility for pressure processing 
during the initial rendering was much less than post-rendering.   
Shirley and Parsons (2001) evaluated the effect of ash content on protein quality of 
MBM.  It was theorized that AA concentrations will change as ash increases, thus decreasing 
protein quality, and subsequently, increased ash could have an even greater impact if AA 
digestibility or bioavailability were reduced.  Using the precision-fed cecectomized rooster assay 
and a PER chick growth assay, protein quality was evaluated.  With “little or no effect of ash 
content AA digestibility of MBM vary in ash from 9 to 44%,” the “PER of MBM markedly 
decreased from 3.34 to 0.72 as ash increased from 16 to 44%, and most of the effects of ash on 
PER were not due to differences in dietary Ca and P levels.”  Analytical data showed that as ash 
level increased, the levels (% of CP) of all essential AA, other than Arg, decreased.  Shirley and 
Parsons (2001) summarized their findings and noted “the reduction in protein quality of MBM as 
ash content increases is almost entirely due to a decrease in analyzed essential AA per unit of 
CP, not a decrease in digestibility of AA.” 
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Karakas et al. (2001) evaluated the nutritive value of meat and bone meals from cattle or 
pigs in broiler diets using a “revised (pressure) processing system ordered by the European 
Union (EC 9/449).”  Diets consisted of three batches of different ash content by specie at 10% 
inclusion and two diets at 20% inclusion with lower ash by specie.  Karakas et al. (2001) 
reported “species origin had no significant effect, whereas more ash and a higher inclusion level 
decreased the AMEn.” 
Bozkurt et al. (2004) evaluated the use of meat and bone meal (MBM) in broiler 
performance for chickens fed to 42 days in Turkey.  It is noted that MBM has not traditionally 
been used in poultry rations at levels as high as 5%, which is commonly done in the U.S.  Due to 
commodity demand changes, specifically the increased demand for fish meal abroad, MBM is a 
viable alternative due to abundant supply.  MBM was included at 2, 3.5 and 5.0% of the diet and 
no significant impact on body weight, body weight gain, feed consumption, feed conversion or 
mortality was observed.  Additionally, “dietary treatments had no significant (P>0.05) effect on 
carcass yield when slaughtered at 42 d.”  Finally, addition of MBM in this study at all levels 
reduced feed costs compared to the control diet, which did not have MBM. 
Firman (2006) summarized the use of rendered products in poultry rations in Essential 
Rendering, noting that animal byproducts can be and are used in poultry rations as sources of 
energy, protein, phosphorus and other essential minerals.  Firman explains that rendered products 
compete with other protein products, specifically citing soybean meal.  However, Firman adds 
“The level of inclusion of MBM to usual rations has been debated because of variations in 
metabolizable energy, protein quality, and available phosphorus.  It is often included at five 
percent or less of the ration” (Firman, 2006).  When compared to soybean meal, Firman notes 
that MBM may provide some performance benefits due to the high level of limiting amino acids 
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and the lack of oligosaccharides found in soybean meal, which may result in irritated footpads.  
Firman explains that protein quality of MBM has been reported to vary greatly, but cites Parsons, 
et al. (1997) saying “that the ash content is correlated to the protein quality” and “as ash 
increases, protein decreases,” adding that “the amino acid digestibility is probably not actually 
decreased (Shirley and Parsons, 2001).”   
Firman (2006) also adds that processing time, temperature and pressure impact the 
protein quality and amino acid availability of the nutritive value, specifically citing Shirley and 
Parsons (2000) which found that pressure may reduce nutrient availability for poultry.  Firman 
cites that “temperature has the same inverse relationship to nutrient availability as seen with 
pressure (Johnson et al., 1998), as does processing time (Karakas et al., 2001).”  Firman however 
notes the economical feasibility of rendered animal protein products is likely due to the 
phosphorus content.  Firman cites Waldroup et al. (1965) and Waldroup and Adams (1994), 
noting that phosphorus is highly available for poultry, and “most nutritionists today assume 100 
percent availability of phosphorus from rendered by-products.”   
 Adedokun et al. (2007) evaluated the standardized ileal amino acid digestibility of meat 
and bone meal from different sources in broiler chicks and turkey poults with a nitrogen-free or 
casein diet.  Adedokun et al. (2007) notes that nitrogen-free diets (NFD) and highly digestible 
protein (HDP) have been used to estimate endogenous amino acids.   To determine accurate 
amino acid digestibility, it was noted that it is “essential to account for amino acids of 
endogenous origin in the digesta.”  The objective of this study was to “determine the effect of the 
standardization method and age on standardized ileal amino acid digestibility (SIAAD) of 4 meat 
and bone meal (MBM) samples in broiler chicks and turkey poults.”  Regarding the use of meat 
and bone meal in poultry diets, Adedokun et al. (2007) indicated that it is widely available, 
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relatively high in CP, and high in P level.  Additionally, the following was reported in regards to 
use of meat and bone meal in poultry: 
Despite the high CP levels, the quality and digestibility of MBM across different sources 
is extremely variable.  The reasons for the variability in protein quality of MBM have 
been attributed to the raw material coming into the rendering plant as well as the 
processing techniques (Parson et al, 1997; Wang and Parsons, 1998; Karakas et al., 
2001).  Because MBM contain different raw material sources and are processed under 
different conditions, it is understandable that CP and amino acid digestibility may vary 
among samples.   
 
Results showed that apparent ileal digestibility (AID) values for the chick were 
significantly higher at day 21 than day 5 (except all-beef MBM diet), but no significant 
differences existed between age for poults (except His). Additionally, “there was no difference 
between methods on SIAAD on d 5 or 21 for all 4 MBM samples in either species.  Finally, it 
was concluded that “this study shows that either of the 2 methods of standardization can be used 





III. METHODS AND PROCEDURES 
A. INTRODUCTION  
The research conducted provides a review of the impact of BSE and subsequent 
regulations on world protein supply as it relates to trade and availability protein feed ingredients.  
For this research, protein feed ingredients are composed of oilseed meals, meat meal and 
soybeans.  The premise of this research is the impact of BSE events, and importantly, subsequent 
regulations, have limited trade of meat meals, impacting the availability of protein feed 
ingredients, or at minimum animal-based protein feed ingredients, on the world market.  Protein 
feed ingredient availability is critical to meet the needs of growing global livestock production 
that has evolved as consumers‟ demand more meat, poultry, milk and eggs.  The growing 
demand for animal products is the result of increases of global population, income and 
urbanization. Secondarily, this research is intended to highlight the potential impact of reduced 
global availability of meat meals on animal performance, specifically for broiler performance in 
developing countries.  MBM is a quality protein feed ingredient providing energy, amino acids 
and essential minerals, and as a result, regulatory restrictions that limit availability of meat 
meals, may impact animal performance, particularly in developing countries where domestic 
supply of meat meals are limited.    
BSE events prompted regulations that have restricted the movement of animal-based 
protein feed ingredients (meat meals), specifically from infected regions or countries.  The intent 
or merits of BSE regulations will not be argued in this paper.  Since the measurement of BSE‟s 
impact on world protein supply is based on the timeframe for regulatory implementation and the 
resulting trade of animal protein meals as a percentage of oilseed meals, meat meals and 
soybeans traded globally, this review will examine exports of protein feed ingredients pre and 
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post-BSE confirmation for countries that discovered BSE from 2000 to 2009.  Export data of 
oilseed meals, meat meals and soybeans are used as a measurement for world protein supply and 
availability.  Additionally, to understand changes in demand for protein feed ingredients, 
importing countries will be highlighted as well. 
To evaluate the impact of BSE events and subsequent regulations, it is important to 
understand the driving demand for protein feed ingredients.  Thus, growth in population, income 
and urbanization, as it relates to per capita consumption of beef, pork, chicken and turkey, is 
assessed.  Secondly, trade of oilseeds, meat meals and soybeans are summarized to understand 
protein feed ingredient supply and demand.  Third, confirmed BSE events from 2000 to 2009 are 
indicated to look at the impact of BSE events on trade of meat meals.  Finally, to evaluate the 
impact of BSE regulatory restrictions on the trade of meat meals, negligible BSE risk and 
controlled BSE risk countries will be compared.     
B. OBJECTIVES 
There are six objectives for this study: 
 
1. To highlight growing demand for protein feed ingredients, summarizing global 
population growth, income and urbanization. 
2. To understand consumer demand of meat and poultry, illustrating global changes in per 
capita consumption. 
3. Evaluate the global trade of oilseed meals, meat meals and soybeans, key demand 
indicators for protein feed ingredients.   




5. Assess the impact of world protein availability related to BSE regulations by comparing 
pre- and post-BSE events for countries that confirmed BSE between 2000 and 2009.   
6. Evaluate the impact of BSE regulatory restrictions by comparing negligible BSE risk and 
controlled BSE risk countries‟ exports of meat meal.   
C. POPULATION 
 The study utilized trade data from government trade databases to analyze world protein 
trade from 2000 to 2009.  These databases included USDA‟s Production, Supply and 
Distribution Online (USDA PSD, 2012), USDA‟s Global Agricultural Trade System Online 
(USDA GATS, 2012), FAO‟s FAOSTAT (FAO, 2012).   
 The 10-year period was chosen because the confirmation of BSE expanded beyond 
Northern Europe to 16 countries during this timeframe.  Additionally, this period encompassed 
arguably the most stringent BSE regulations in the world, the European Commission‟s 
Regulation (E.C.) 1774/2002 which required animal by-products both in Europe and imported 
into the E.U. to be deemed “fit for human consumption” by competent veterinary authorities.  
Additionally, the U.S., the global export leader in 2000 of “flours, meals and pellets, or meat or 
meat offal, unfit for human consumption; greaves (cracklings)” (United States International 
Trade Commission [USITC], 2012), confirmed BSE, prompting significant domestic regulatory 
changes and global import restrictions of animal-based protein feed ingredients from the U.S.  
The public databases provide a useful population to analyze the impact of BSE events and 
subsequent regulatory requirements on changes in world protein trade. 
D. PROCEDURES 
Time-spatial dynamics were used to quantitatively illustrate changes in global population, 
income (per capita of gross national income), urbanization, per capita consumption of beef, pork, 
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chicken and turkey, world protein imports and exports, imports and exports of oilseed meals, 
meat meal and soybeans, and exports of meat meal for negligible BSE risk and controlled BSE 
risk countries.  The U.S., E.U., Brazil, Russia, India and China (BRIC) were a focus of the paper 
as these countries represent 60% of the world population and both developed and developing 
countries.   
E. DATA COLLECTION AND PROCEDURES 
The study utilized trade, production and consumption from databases noted in the 
“population” section of this chapter.  The data collected from the respective databases cited 
include trade of oilseeds, including copra, cottonseed, groundnuts, linseed, maize (corn), oilseed 
not elsewhere specified (nes), palm kernel, rapeseed and soybeans.  Because oilseeds are often 
exported prior to crushing, soybeans, the most abundant oilseed and protein feed contributor, is a 
component of world protein availability.  Per capita consumption of meat, poultry and dairy 
products were also collected utilizing USDA Production, Supply and Distribution Online 
(USDA PSD, 2012). 
Protein trade values were measured in metric tons (MT).  Animal production values are 
based on number of animals.  Per capita consumption unit of measurements were reported in 
kilograms (kg).   
F. DATA ANALYSIS 
 Descriptive statistics were used for trade, production and consumption data.   
G. NUTRITIONAL ASSESSMENT OF POULTRY PERFORMANCE  
 Use of rendered products not only provides a valuable feed source, but is critical to 
feeding the global population.  As animal production increases, raw animal materials increase as 
well.  Feed utilization of animal byproducts provides an opportunity to provide valuable nutrients 
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for livestock and pets as opposed to disposal.  Since the scope of total animal performance 
(multiple species) is too complex, various regulatory restrictions exist for specie-to-specie 
consumption, and chicken is the fastest growing global animal protein source for humans, this 
paper will focus on the use of MBM in broiler rations by reviewing poultry nutrition research 
and assessing the impact of potential MBM availability issues as it relates to poultry production.     
H. SUMMARY OF METHODOLOGY 
The time-spatial dynamic provides a valid approach to review changes in trade of protein 
feed ingredients as a result of BSE events and subsequent regulation.  Descriptive statistics in 
conjunction with recorded BSE events provide a clear analysis of the relationship between trade 




A. POPULATION, GROSS NATIONAL INCOME AND URBANIZATION 
Table 1 shows the world population by region and development.  While all regions and 
levels of development experienced growth from 2000-2010, the least developed countries had 
the highest rate of growth (25.7%) and the most developed had the lowest rate of growth (4.0%).  
As a result, Sub-Saharan Africa, Africa, Oceania and Latin America and the Caribbean had the 
highest rates of population growth between 2000 and 2010 with 28%, 26%, 17.5% and 13.2% 
respectively.  Asia, North America and Europe were below the world growth rate of 12.6% 
between 2000 and 2010 with 12%, 10% and 1.6%.  
Data shown in Table 2 illustrates total world, U.S., E.U., and Brazil, Russia, India and 
China (BRIC) population from 2000 to 2010.  World population grew from 6.1 to 6.9 billion, a 
12.6% increase, from 2000 to 2010.  While the U.S. and Brazil grew at 9.9% and 11.8% 
respectively during the 10 year period, China and India, both with a population of over 1 billion 
in 2000, grew at 5.7% and 16.2% respectively during the same time frame.  Europe experienced 
a 1.6% population increase since 2000 while Russia‟s population declined 2.6% during the same 
time period.  Cumulatively, the U.S., Europe and BRIC countries represented 59.7% of the total 
world population in 2000, but in 2010, these countries represented 57.3% of the total world 
population, the result of 10 consecutive years of declining as a percentage of global population.     
Per capita gross national income (GNI) for the World, U.S., E.U. and BRIC countries is 
shown in Table 3. The $7,141 world per capita GNI average in 2000 grew 43.1% to $10,218 in 
2009. While U.S. per capita GNI grew from $34,410 to $47,240, a 37.3% from 2000-2009, 
Russia experienced a 448% increase from $1710 in 2000 to $9370 in 2009.  China‟s per capita 
GNI increased from $930 in 2000 to $3590 in 2009, a 286% increase.  Brazil and India‟s per 
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capita GNI increased 107% and 162% respectively from 2000 to 2009, but Brazil‟s $8040 per 
capita GNI in 2009 was approximately eight times that of India‟s $1180.  The E.U. is represented 
by the highest and lowest E.U. country per capita GNI.  Luxembourg, with the highest E.U. per 
capita GNI of nearly $75,000 in 2009 is approximately nine times higher than Romania‟s GNI of 
$8,330.  While Luxembourg per capita GNI increased 70.5% between 2000 and 2009, Romania 
increased 392.9%, similar to that of Russia. 
Table 4 shows the percentage of world, region and U.S. and BRIC country population 
living in urban areas by year.  The world average of people living in urban areas was 50% in 
2010, up approximately four percent from 2000.  Data indicate that developed countries have 
more people living in urban areas than less developed countries (75.2% compared to 45.1%) and 
both developed and less developed countries exceed least developed countries, where urban 
population is just 29.2% of the population.  Brazil and the U.S. have 86.5% and 82.3% of the 
population living in urban areas respectively, and Russia, China and India follow with 73.2%, 
47.0% and 30.0% respectively.  World population residing in urbanized areas has increased since 
1950, steadily rising from 29%.   
B. CONSUMPTION OF ANIMAL PRODUCTS 
World, U.S., E.U. and BRIC country per capita beef and veal consumption between 2000 
and 2011 is shown in Table 5.  World consumption remained relatively unchanged during the 11 
year span, with 14.3 kg per capita consumption in 2000 and 14.7 kg in 2011, a 3.4% increase.  
U.S. consumption of per capita beef and veal declined from 44.3 kg in 2000 to 37.5 kg in 2011, a 
15.3% decline.  Per capita beef and veal consumption also declined for the E.U., from 16.8 kg in 
2000 to 15.5 kg in 2011, a 7.7% decline.  However, beef and veal consumption increased in 
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BRIC countries, ranging from a high of 36.8% per capita increase in India (1.2 kg in 2000 to 
2.16 kg in 2011), to a low of 1.5% in China (4.0 kg in 2000 to 4.1 kg in 2011).   
Global Per capita swine consumption is shown in Table 6.  World per capita consumption 
of swine increased from 13.4 kg to 15.5 kg from 2000 to 2011, a 15.9% increase.  The U.S. per 
capita consumption of swine meat declined 10.5% between 2000 and 2011, falling to 26.8 kg in 
2011.  The E.U., with a per capita consumption of swine meat at 40.4 kg in 2000, remained 
relatively unchanged at 40.2 kg in 2011.  Russia, Brazil and China all experienced increased per 
capita consumption of swine meat during this period.  Russia increased from 11.1 kg in 2000 to 
20.9 kg in 2011, an 88.3% increase.  Brazil per capita swine meat consumption increased 25.5% 
from 2000 to 2011 (10.4 kg in 2000 to 13.0 kg in 2011), and Chinese per capita consumption 
increased 19.1% from 31.3 to 37.3 kg per capita.   
Table 7 shows per capita consumption of broiler meat between 2000 and 2011.  World 
broiler meat per capita consumption increased from 2000 to 2011 from 17.4 kg in 2000 to 24.9 
kg in 2011, a 42.7% increase.  U.S., E.U. and BRIC countries all experienced growth in per 
capita broiler consumption.  U.S. per capita broiler meat consumption in 2000 was 40.6 kg and 
44.4 kg in 2011, a 9.4% increase.  The E.U. experienced 19.0% growth in broiler meat 
consumption, increasing from 15.0 kg in 2000 to 17.8 kg per capita in 2011.  BRIC countries 
experienced significant per capita broiler meat consumption increases between 2000 and 2011.  
Russian per capita broiler meat consumption increased 128.3% from 2000 to 2011, growing from 
9.2 kg to 21.0 kg.  While India‟s per capita broiler consumption increased 110.2% from 2000 to 
2011, the per capita increase was only 1.2 kg over the 11 year time span, expanding from 1.1 kg 
to 2.3 kg.  Brazil per capita broiler meat consumption grew from 29.0 kg in 2000 to 47.5 kg in 
47 
 
2011, a 63.9% increase.  Similarly, China‟s per capita broiler meat consumption grew as well, 
increasing from 7.4 kg in 2000 to 9.7 kg in 2011, a 30.6% increase. 
Turkey meat per capita consumption for all reporting global countries (Brazil, Canada, 
China, E.U., Mexico, Russia, South Africa, Taiwan and the U.S.) is shown in Table 8.  While the 
U.S. has the largest per capita consumption of turkey, per capita consumption declined 7.2% 
between 2000 and 2011.  U.S. per capita consumption of turkey in 2000 was 7.9 kg and 7.3 kg in 
2011.  From 2000 to 2011, Canada and the E.U. were the second and third highest per capita 
consumers of turkey at 4.4 kg and 3.7 kg, respectively, both remaining relatively unchanged over 
the 11 year span.  Turkey consumption grew in Brazil and South Africa.  Brazil per capita 
consumption of turkey in 2000 was 0.5 kg and increased to 1.8 kg, a 237.7% increase, and South 
African turkey consumption grew from 0.5 kg in 2000 to 0.8 kg in 2011, a 50.9% increase.  
World average of reporting countries for per capita turkey meat consumption declined 1.0% from 
2.28 kg in 2000 to 2.25 kg in 2011.   
Total world, U.S., E.U., and BRIC country domestic consumption of milk is shown in 
Table 9.  The world average increased nearly 20% from 19,972 (1000 metric tons [MT]) in 2000 
to 23,955 (1000 MT) in 2011.  China increased 248.6% during the same time span, increasing 
from 9177 to 31,988 (1000 MT).  India increased over 50%, expanding domestic milk 
consumption from 79,250 (1000 MT) in 2000 to 121,495 (1000 MT) in 2011, outpacing the U.S. 
with 75,927 (1000 MT) in 2000 to 88,950 (1000 MT) in 2011.  Brazil‟s domestic milk 
consumption increased 38% from 22,229 to 30,616 (1000 MT) from 2000 to 2011.  The E.U. 
increased 5.2% from 2000 to 2011, and Russia remained relatively unchanged with 0.1% growth 




C. GLOBAL LIVESTOCK PRODUCTION 
Tables 10 through 16 provide world, U.S., E.U. and BRIC country livestock data for 
cattle, chickens, ducks, geese and guineas, turkeys, pig and sheep between 2000 and 2010.  
World livestock numbers increased in every category during the 10 year time span, except 
turkeys which had a 1.8% decline.  Table 10 show Brazil‟s cattle population rose sharply 
between 2000 and 2010 (a 23.3% increase), but declined in both China (a 19.9% decrease) and 
Russia (a 26.3% decrease).  Additionally, cattle in the U.S., E.U. and BRIC countries represented 
52.5% of the world cattle population, but declined to 49.5% in 2010.  Table 11 provides data on 
live chickens from 2000 to 2010.  While the U.S., E.U. and BRIC countries all experienced 
growth in chicken production during the 10 year time span, the percentage of U.S., E.U. and 
BRIC countries chicken production declined as a percent of total world production from 57.2% 
to 54.7%.  India, Brazil and China experienced the largest growth in chicken production.  India 
increased 131.6% from 374,000 to 866,000 (1000 head).  Brazil increased 47.0% from 842,741 
to 1,238,910 (1000 head), and China increased from 3,623,012 to 4,802,670 (1000 head), a 
32.6% increase during the 10 year span.  Table 12 provides duck livestock data from 2000-2010 
for world, U.S., E.U. and BRIC countries.  China experienced the most significant gain (a 29.1% 
increase), from 611,763 to 789,569 million head, as the largest duck producer, and both India 
and Russia declined 14.5% and 53.5%, respectively.  The E.U., the second largest duck producer, 
remained relatively unchanged from 42,542 to 42,892 million head from 2000 to 2010.  U.S., 
E.U., and BRIC countries‟ duck production represent approximately 73% of total world duck 
production, unchanged from 2000 to 2010 but China represented 66.5% of total world duck 
production in 2010.  Table 13 provides geese and guinea fowl livestock numbers for the world, 
U.S., E.U. and BRIC countries. World production grew 51.0% during the 10 year time frame, 
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and 57.1% for the China, Russia, and the E.U. collectively.  As a percentage of world geese and 
guinea fowl production, the China, Russia and the E.U. represented 89.6% in 2000 and 93.2% in 
2010.  Table 14 shows world, U.S., E.U. and BRIC turkey stock from 2000 to 2010.  World 
turkey livestock fell 1.8% during the 10 year time span, and while the U.S. and E.U. declined 
9.7% and 16.7%, respectively, from 2000 to 2010, Brazil and Russia increased turkey stock by 
119.0% and 104.3% respectively.  World, U.S., E.U. and BRIC pig stock from 2000 to 2010 are 
shown in Table 15.  World pig numbers increased 7.5% during the time span, and the U.S., E.U. 
and BRIC countries represented 80.2% of total world pig population in 2000 and 78.6% in 2010.  
Brazil experienced the largest percentage increase, 23.4% from 2000 to 2010, increasing from 
31.5 to 38.9 million head.  China, the world‟s largest swine producer, increased 8.5% from 438.9 
to 476.2 million head.  While the U.S. grew 9.3% from 59 to almost 65 million head, the E.U. 
declined 4.5% from 159.8 to 152.6 million head.  Table 16 shows world, U.S., E.U. and BRIC 
country sheep numbers from 2000 to 2010.  World sheep population grew 2.4%.  Russia 
experienced the largest growth during the 10 year time span, increasing 57.5% from 12.6 to 19.9 
million head.  Similarly, Brazil and India experienced significant growth as well, growing 17.6% 
and 24.5% respectively.  The U.S. and the E.U. experienced sheep population declines of 20.1% 
and 18.7% respectively.  U.S., E.U. and BRIC countries represented 32.8% of world total sheep 
population in 2000 and 32.3% in 2010.   
D. GLOBAL TRADE OF OILSEED MEALS, MEAT MEAL AND SOYBEANS 
Figure 1 shows global meat meal imports from 2000-2009 in MT.  Meat meal imports 
totaled 2,035,943 metric tons (MT) in 2000, dropping 45.8% in just one year to 1,104,056 MT.  
A steady increase between 2001 and 2009 finished with 1,781,619 MT of meat meal imports.  
Figure 2 shows global meat meal exports from 2000-2009.  While the trend is similar to that of 
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the global meat meal imports during the same time period, the amounts are slightly higher.  In 
2000, 2,144,172 MT of meat meal were exported, followed by a sharp decline in 2001 to 
1,176,542 MT.  A steady increase resulted in 2,266,279 MT of exported meat meal, a 5.7% 
increase from 2000.   
Figure 3 shows the top ten meat meal importing countries in 2000.  Poland, China and 
Japan were the largest importers with 297,509, 283,949 and 184,950 MT, respectively.  The 
Netherlands, Mexico, Egypt, Germany, Belgium, Thailand and the U.S. completed the top ten, 
ranging from 109,179 to 66,896 MT.  Figure 4 shows the top ten meat meal importing countries 
in 2009.  Poland and Japan dropped out of the top ten importers of meat meal from 2000 to 2009.  
China imported 130,571 MT in 2009 versus 283,949 MT in 2000, a 54.0% decline.  Vietnam and 
Thailand were the largest importers of meat meal in 2009 with 217,622 and 216,309 MT, 
respectively, and imports of meat meal in Vietnam increased 821.3% while Thailand increased 
196.7% during the nine year span.   
Figure 5 shows the top ten meat meal exporting countries in 2000.  The U.S., with 
460,824 MT was the largest meat meal exporter, approximately 180,000 MT above Germany as 
the second largest meat meal exporter with 282,292 MT.  Italy, Australia, Denmark, New 
Zealand, Belgium, Netherlands, France and Argentina completed the top ten, ranging from 
221,842 to 62,655 MT.  Figure 6 shows the top ten meat meal exporters in 2009.  While the U.S. 
was still the top meat meal exporter with 270,627 MT, exports were down 41.3% versus 2000.  
Australia was the number two meat meal exporter in 2009 with 249,856 MT.  E.U. countries 
Germany, Netherlands, France, Belgium, Poland, Spain and Italy occupied numbers three, four, 
five, six and eight, nine and ten, ranging from Germany‟s high of 208,273 MT to Italy‟s low of 
110,090 MT.  While both Germany and Italy‟s meat meal exports declined during the ten year 
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span (a decrease of 26.2% and 50.4%, respectively), meat meal exports for the Netherlands, 
France, Belgium, Poland and Spain grew.  While the Netherlands increased 81.4%, France 
increased 106.1% and Belgium increased 11.7%, Spain increased thirty-five fold from 3358 MT 
to 115,149 MT between 2000 and 2009.  Additionally, Poland became an exporter of meat meal, 
exporting 123,160 MT in 2009.   
Figure 7 shows U.S. meat meal exports as a percent of global meat meal exports from 
2000 to 2009.  In 2000, U.S. meat meal exports represented 21.4% of global meat meal exports.  
From 2001 to 2003, U.S. meat meal exports represented approximately 40% of the global meat 
meal export market.  From 2004 to 2009, U.S. meat meal exports represented 11.5% in 2004 to 
16.7% in 2007 of global meat meal exports, finishing in 2009 at 11.9%. 
Figure 8 shows global soybean exports from 2000 to 2009.  Global soybean exports grew 
steadily from 47.4 million MT in 2000 to 81.5 million MT in 2009, a 72.1% increase.  Figure 9 
shows the top ten soybean exporting countries in 2000.  The U.S. exported 27.2 million MT of 
soybeans in 2000, the largest soybean exporter, followed by Brazil, with 11.8 million MT.  
Argentina and Paraguay followed Brazil with 4.1 and 1.8 million MT respectively.  The 
Netherlands, Canada, Bolivia, China, Belgium and India followed, all below one million MT.  
Figure 10 shows soybean U.S. exports as a percentage of global soybean exports from 2000 to 
2009.  In 2000, the U.S. represented 57.4% of total global soybean exports and declined to 
40.1% in 2005, but finished the ten year time span at 49.7% of global soybean exports.   
Figure 11 shows exports of soybean meal from 2000-2009 by quantity.  A steady increase 
in soybean meal exports from 2000-2009 expanded global soybean meal export from 37.2 
million MT in 2000 to 56.8 million MT in 2009, a 52.3% increase during the ten year span.  
Figure 12 shows the top ten exporting soybean meal exporting countries in 2000 by quantity.  
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Argentina, the top soybean meal exporter in 2000, exported 12.9 million MT, while Brazil and 
the U.S. followed with 9.4 and 5.9 million MT respectively.  The top three soybean meal 
exporters represented 75.8% of the global soybean meal exports.   
Figure 13 shows the top ten soybean meal exporting countries in 2009 by quantity.  
Argentina, Brazil and the U.S. held the first, second and third largest exporter positions 
respectively in 2009.  Argentina exported 21.6 million MT, a 67.1% increase during the ten year 
span.  During the same span, Brazil increased soybean meal exports by 30.5% to 12.3 million 
MT, and the U.S. increased soybean meal exports by 29.3% to 7.7 million MT.  In 2009, 
Argentina, Brazil and the U.S. exported a combined 41.6 million MT into a 56.8 million metric 
ton, a 73.2% share of global soybean meal exports.  Figure 14 shows U.S. soybean meal exports 
from 2000 to 2009 in MT.  While soybean meal exports from the U.S. declined 41.0% in just 
three years, from 6.9 million MT in 2001 to 4.1 million MT in 2004, soybean meal exports from 
the U.S. steadily rose by 87.8% to 7.7 million MT from 2004 to 2009.   
Figure 15 shows global and U.S. exports of rapeseed (MT) from 2000 to 2009.  While 
global rapeseed exports grew 75.6%, the U.S. only represented 0.2% or global rapeseed exports 
in 2000 and 0.7% in 2009.  Figure 16 shows U.S. and global exports of cottonseed meal from 
2000 to 2009.  Global cottonseed exports declined globally 25.6% from 2000 to 2009, from 
579,117 (MT) to 430,815 (MT).  U.S. cottonseed meal exports represented 18.8% of total global 
exports of cottonseed meal in 2000 and 20.6% in 2009.   
Figure 17 shows global exports of copra meal between 2000 and 2009.  U.S. exports of 
copra meal were very small, and global exports of copra meal declined 36.6% from 2000 to 
2009.  World copra meal exports in 2000 were 1,073,216 (MT) and in 2009 were 680,768 (MT).  
Figure 18 shows global and U.S. exports of palm kernel meal from 2000 to 2009.  The U.S. was 
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not a significant exporter of palm kernel meal.  Global exports of palm kernel meal increased 
99.3% between 2000 and 2009 from 2,799,157 to 5,580,023 MT.   
Figure 19 illustrates global and U.S. exports of linseed meal between 2000 and 2009.  
The U.S. represented 5.4% of global linseed meal exports in 2000 and 6.9% in 2009.  Global 
linseed meal exports declined 48.7% from 2000 to 2009 from 330,103 to 169,486 MT.  Global 
and U.S. exports of corn gluten meal between 2000 and 2009 are shown in Figure 20.  Global 
exports of corn gluten meal declined from 165,376 to 36,536 MT, a 77.9% decrease.  In 2000, 
the U.S. represented 23.7% of global corn gluten exports, but by 2009, no exports were recorded.   
Figure 21 shows global and U.S. exports of groundnut meal.  Global groundnut meal 
declined 57.3% from 2000 to 2009 from 223,900 to 95,527 MT.  The U.S. represented 2.4% in 
2000 and 3.8% of the global groundnut meal export market in 2009.  Global and U.S. exports of 
“other oilseeds” between 2000 and 2009 are shown in Figure 22.  Global exports of “other 
oilseed” meals grew 590.0% from 199,104 to 1,373,917 MT.  While the U.S. represented 11.5% 
of the global exports of “other oilseed” meals in 2000, the U.S. represented 38.1% in 2004 before 
declining to 11.1% in 2009.   
World and U.S. exports of oilseed meals from 2000 to 2009 by quantity are shown in 
Table 17.  Global oilseed meal exports grew from 47.1 million MT in 2000 to 73.0 million MT 
in 2009, a 55% increase.  While world oilseed meal exports from palm kernel, rapeseed, 
soybeans and sesame seed all increased from 2000 to 2009, the largest global growth came from 
the broad export category of “other oilseeds.”  This category grew 590.0% during the ten year 
time span, from 199,104 MT in 2000 to 1.4 million MT in 2009, but represented only 1.9% of 
world oilseed meal exports in 2009.  Soybeans, the largest world oilseed meal export 
commodity, increased from 37.2 to 56.7 million MT from 2000 to 2009, a 52.3% increase, and 
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rapeseed, the second largest world oilseed meal export commodity, increased from 4.5 to 7.8 
million MT from 2000 to 2009, a 75.6% increase.  Palm kernel, the third largest world oilseed 
export commodity, increased from 2.8 to 5.6 million MT from 2000 to 2009, a 99.3% increase.  
Global oilseed meal exports of copra, cottonseed, groundnuts, linseed and corn all declined from 
2000 to 2009.  Copra meal world exports declined from 1.1 to 0.68 million MT from 2000 to 
2009, a 36.6% decline, and cottonseed world exports declined from 579,117 MT to 430,815, a 
25.6% decrease for the ten year time span.  World exports of corn, linseed and groundnuts all 
declined, 77.9, 48.7 and 57.3% respectively.  U.S. exports of oilseed meals rose from 6.1 million 
MT in 2000 to 8.0 million MT in 2009, a 30% increase.  Soybean, “other oilseeds,” cottonseed, 
rapeseed and linseed were the top oilseed meal export commodities for the U.S. in 2009, but 
soybean meal represented 96.1% of U.S. oilseed meal exports.  U.S. rapeseed meal increased 
from 9233 MT in 2000 to 54,951 MT in 2009, a 495.2% increase.  U.S. corn “oilseed” meal 
exports in 2000 were 39,179 MT, and as of 2007, 2008 and 2009, no exports were reported for 
this category. 
Table 18 shows the top ten U.S. importers of “meat meal” by total quantity between 2000 
and 2011.  The columns show years 2000, 2003, 2004 and 2011.  Year 2003 is shown to indicate 
the last pre-BSE discovery year in the U.S. and 2004, post-BSE discovery.  The top ten importers 
of U.S. meat meal represented 94.8% of all cumulative U.S. meat meal exports between 2000 
and 2011.  Indonesia was the top importer of U.S. meat meal between 2000 and 2011, importing 
nearly 1.2 million MT, 29.5% of all exports during the time frame.  Mexico, with nearly 1.1 
million MT, was the second largest importer of meat meal from the U.S. during the 2000 to 2011 
time span, representing 27.6% of the total U.S. meat meal exports.  Only three of the top ten 
importers of U.S. meat meal increased imports in 2011 versus 2000, Indonesia, Mexico and 
55 
 
Vietnam.  Meat meal imports from the U.S. increased 163.1% for Indonesia, and Mexico grew 
4.0% while Vietnam grew 386.6%.   
Table 19 shows meat meal imports of the top ten U.S. importers of meat meal (MT) by 
country and year from 2000 to 2009.  Imports of meat meal to Indonesia, Thailand and the 
Philippines increased between 2000 and 2009.  Indonesia grew 579.3%, increasing from 9657 
MT in 2000 to 65,600 in 2009.  Importantly, the import data for meat meal reported by 
FAOSTAT (FAO, 2012) for Indonesia appears under-represented and does not correspond with 
USDA (USDA GATS, 2012).  Thailand increased 196.7% during the same time period, 
beginning in 2000 with 72,906 MT of meat meal imports from the U.S. and finishing in 2009 
with 216,309 MT.  The Philippines also increased imports of U.S. meat meal, from 53,327 to 
77,532 MT between 2000 and 2009.  Mexico, Canada, China and Egypt imports of U.S. meat 
meals all declined during the 10 year period.   
As competing proteins, soybean meal and soybean imports from 2000 to 2010 of top ten 
U.S. importers of meat meal (based on cumulative imports of U.S. meat meal from 2000 to 2011) 
are shown in Table 20.  Soybean meal imports of these top ten U.S. importers of meat meal 
increased for all countries with the exception of Egypt, which declined 31.9% from 2000 to 
2010.  Soybean meal imports of the U.S. top ten meat meal importers increased by 108.6% from 
2000 to 2010, increasing from 5.6 million MT to 11.8 million MT.  Soybean imports of the top 
ten U.S. importers of meat meal increased 184.3%.  China increased soybean imports 295.2% 
from 13.2 million MT in 2000 to 52.3 million MT in 2010.  China‟s soybean imports from the 
U.S. represented over 80% of the top ten U.S. meat meal importers in 2009 and 2010.  Egypt, 
Indonesia, Taiwan and Vietnam all increased imports of soybeans as well, but Canada, Mexico 
and the Philippines declined.   
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Table 21 shows U.S. and world oilseed meal and meat meal exports for 2000, 2005 and 
2009.  While U.S. meat meal exports declined 37.9% from 2000 to 2009, world meat meal 
exports increased 5.7%.  The world growth in oilseed meal exports outpaced the U.S.  U.S. 
oilseed meal exports increased 30.1% for 2009 versus 2000, while world oilseed meal exports 
grew 54.8%.  U.S. oilseed meals and meat meal exports as a percentage of global exports of 
oilseed meals and meat meal declined from 13.4 to 11.1% between 2000 and 2009.   
Figure 23 shows global exports of oilseed meals and meat meal (MT) from 2000 to 2009.  
Oilseed meals include copra, cottonseed, groundnuts, linseed, maize, mustard, palm kernel, 
rapeseed, soybeans, sesame seed and “other oilseeds.”  World oilseed meals and meat meal 
exports increased 52.0% from 2000 to 2009.  However, world meat meal as a percentage of 
world oilseed meals and meat meal exports decreased from 4.4% in 2000 to 3.0% in 2009 (Table 
21).  Figure 24 shows U.S. exports of oilseed meals and meat meal (MT) from 2000 to 2009.  
U.S. meat meals represented 6.6% of U.S. oilseed and meat meal exports in 2000, but declined to 
3.3% in 2009 (Table 21).  U.S. meat meal as a percent of oilseed meals and meat meal rose as 
oilseed exports declined through 2004.  U.S. export of oilseed meals in 2000 was 6.1 million 
MT, and in 2004 had declined to 4.6 million MT.  In 2009, U.S. export of oilseed meals was 7.9 
million MT.  Figure 25 shows global meat meal exports as a percentage of world oilseed meals 
and meat meal exports.  In 2000, world meat meal was 4.4% of oilseed meals and meat meal 
exports but declined to 1.9% in 2005 and rebounded to 3.0% in 2009.     
E. IMPACT OF BSE ON TRADE OF OILSEED MEALS, MEAT MEAL AND 
SOYBEANS 
Figures 26 through 39 show exports of meat meal (MT) between 2000 and 2009 for BSE 
confirmed countries that are exporters of meat meal.  The BSE confirmation month and date are 
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also noted below each figure.  Figure 26 shows Denmark meat meal exports from 2000 to 2009 
in MT.  Denmark confirmed BSE in February 2000.  Meat meal exports from Denmark were 
161,726 MT in 2000, but declined 89.6% in 2001 to 16,784 MT in 2001.  Figure 27 shows 
German meat meal exports from 2000 to 2009 in MT.  BSE was discovered in November 2000.  
German meat meal exports in 2000 totaled 282,292 MT, but decreased to 68,433 MT in 2001, a 
75.8% decline.  Spain‟s meat meal exports from 2000 to 2009 are shown in Figure 28.  BSE was 
discovered in Spain in December 2000.  Spain‟s meat meal exports declined from 3358  MT in 
2000 to 1057 MT in 2001, a 68.5% decline.  Spain steadily increased meat meal exports, 
finishing 2009 with 115,149 MT.   
Figure 29 shows Italy meat meal exports from 2000 to 2009 in MT.  BSE was discovered 
in Italy in January 2001, and exports that year declined 71.1%.  Italy meat meal exports declined 
from 221,842 MT in 2000 to 64,205 MT in 2001.  Czech Republic meat meal exports are shown 
in Figure 30.  BSE was confirmed in June 2001.  Czech meat meal exports declined 90.1% 
between 2000 to 2001from 5514 to 545 MT.  In 2002, the Czech Republic did not export meat 
meal but rebounded in the following years, and in 2009, 13,138 MT of meat meal was exported 
from the Czech Republic.  Greece meat meal exports from 2000 to 2009 are shown in Figure 31.  
BSE was confirmed in July 2001.  Greece meat meal exports declined from 908 MT in 2000 to 
285 MT in 2001 and 9 MT in 2002, a 99.0% decline from 2000.   
Figure 32 shows Slovakia meat meal export from 2000-2009 in MT.  BSE was confirmed 
in October of 2001.  Slovakia meat meal exports were 11 MT in 2000, and no meat meal was 
exported in 2001.  Slovakia meat meal exports grew to 9186 MT in 2009.  Austria meat meal 
exports from 2000 to 2009 are shown in Figure 33.  BSE was confirmed in December 2001.  
Exports of meat meal from Austria declined from 39,983 MT in 2000 to 91 MT in 2001.  Austria 
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meat meal exports remained relatively unchanged between 2001 and 2008, ranging from a high 
of 162 MT in 2005 to 36 MT in 2004.  In 2009, Austria meat meal exports ended at 5724 MT.   
Figure 34 shows Finland meat meal exports between 2000 and 2009.  BSE was 
discovered in Finland in December 2001.  In 2001, Finland meat meal exports declined from 211 
MT in 2000 to 68 MT in 2001, a 67.7% decline.  From 2001 to 2008, Finland meat meal exports 
ranged from 68 MT in 2001 to 509 MT in 2008, but exports grew significantly in 2009, reaching 
5351 MT.  Slovenia exports of meat meal from 2000 to 2009 are shown in Figure 35.  BSE was 
confirmed in January 2002.  In 2002, Slovenia meat meal exports declined to 202 MT, from 473 
MT in 2001, a 57.3% reduction.  In 2003, Slovenia meat meal exports decreased again to 37 MT, 
an 81.7% reduction prior to BSE confirmation.  Slovenia meat meal exports increased 2004 and 
2009, reaching 12,417 MT.   
Figure 36 shows Poland meat meal exports from 2000 to 2009 in MT.  BSE was 
confirmed in Poland in May of 2002.  Poland‟s export of meat meal was only 111 MT in 2001 
but had no meat meal exports in 2002 or 2003 but reached 123,160 MT in 2009.  Canada meat 
meal exports are shown in Figure 37.  BSE was confirmed in Canada in July 2003.  In 2003, 
exports declined 29.6% from 2002 to 77,393 MT, and in 2004, meat meal declined another 
16,502 MT to 60,891 MT.  In 2005, meat meal from Canada was 57,811 MT, a 47.4% decline 
since 2002.  Canadian export of meat meal never fully recovered.  In 2009, Canada‟s meat meal 
exports totaled 25,964 MT, a 76.4% decline since 2002, pre-BSE confirmation.  Figure 38 shows 
U.S. exports of meat meal.  BSE was confirmed in December of 2003 in the U.S., and 
subsequently, exports of meat meal declined 73.1% in 2004 to 137,934 MT, down from 513,418 
MT.  Figure 39 shows Sweden meat meal exports from 2000 to 2009.  BSE was confirmed in 
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March 2006.  Meat meal exports from Sweden decreased 42% in 2006 from 7419 MT in 2005.  
Exports rebounded from 2007 to 2009, reaching 7218 MT.   
Table 22 shows World Organization of Animal Health (OIE) members and their 
respective classifications as either a “negligible BSE risk country” or a “controlled BSE risk 
country” according to OIE Resolution 17, May 2011 (OIE, 2011a).  While 15 countries are 
classified as “negligible BSE risk countries,” 32 are classified as “controlled risk countries.”   
BSE risk classification is defined in Article 11.5 of the Terrestrial Animal Health Code 
(OIE, 2011c).  Risk classification is based on a release assessment and an exposure assessment 
of the country.  The release assessment “consists of assessing, through consideration of the 
following, the likelihood that the BSE agent has either been introduced into the country, zone or 
compartment via commodities potentially contaminated with it, or is already present in the 
country, zone or compartment” according to Article 11.5.2 (OIE, 2011c).  Additionally, Article 
11.5.2 states “If the release assessment identifies a risk factor, an exposure assessment should be 
conducted, consisting of assessing the likelihood of cattle being exposed to the BSE agent” (OIE, 
2011c).  Negligible risk is determined based upon a member‟s demonstration that “appropriate 
specific measures have been taken for the relevant period of time.”  According to the Terresterial 
Animal Health Code (OIE, 2011c), specific measures include seven years demonstration of the 
following:   
1. on-going awareness programme for veterinarians, farmers, and workers involved in 
transportation, marketing and slaughter of cattle to encourage reporting of all cases 
showing clinical signs consistent with BSE in target sub-populations as defined in 
Articles 11.5.20. to 11.5.22.; 
2. the compulsory notification and investigation of all cattle showing clinical signs 
consistent with BSE; 
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3. the examination carried out in accordance with the Terrestrial Manual in a laboratory of 
brain or other tissues collected within the framework of the aforementioned surveillance 
and monitoring system.  
Additionally, “it has been demonstrated through an appropriate level of control and audit, 
including that of cross contamination, that for at least eight years neither meat-and-bone meal 
nor greaves derived from ruminants has been fed to ruminants” (OIE, 2011c). 
 A controlled BSE risk country is determined primarily based on BSE occurrence and 
time of demonstrated control, including procedures and practices, illustrating a “controlled risk 
of transmitting the BSE agent…” and “the Member has demonstrated that appropriate measures 
are being taken to manage all identified risks, but these measures have not been taken for the 
relevant period of time” (OIE, 2011c).  Specific measures required for “negligible risk countries” 
are the same required for “controlled BSE risk countries.”  Finally, “the cattle population of a 
country, zone or compartment poses an undetermined BSE risk if it cannot be demonstrated that 
it meets the requirements of another category,” and thus, it is classified as an “undetermined BSE 
risk” (OIE, 2011c). 
  Table 23 shows country, month and year of the first confirmed BSE case since 2000.  
Three countries confirmed BSE in 2000, and all countries were in Europe (Belgium, France, 
Ireland, Netherlands, Portugal, Switzerland and the United Kingdom).  An additional seven 
countries confirmed BSE in 2001, including Japan and six European countries (Denmark, 
Germany, Spain, Italy, Czech Republic and Greece).  Slovenia, Poland and Israel confirmed BSE 
in 2002, and in 2003, BSE reached the North American continent with Canada‟s confirmation in 
July and the U.S. in December.  Sweden confirmed BSE in 2006. 
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Table 24 is an OIE table showing the “annual incidence rate of bovine spongiform 
encephalopathy (BSE) in OIE Member Countries that have reported cases, excluding the United 
Kingdom” (OIE, 2012).  The annual incidence rate of BSE is equal to the “number of indigenous 
cases per million bovines aged over 24 months during the year” (OIE, 2012).  The data is an 
indicator of the prevalence of BSE in a given country.   
Export of meat meals (MT) from 2000 to 2009 for negligible BSE risk countries as 
classified by OIE are shown in Table 25 and Figure 40.  Exports of meat meal from Denmark, 
Iceland, India, Singapore and Sweden all declined from 2000 to 2009, but all other countries 
increased by 2436% (Finland) to 0.1% (New Zealand).  Total exports of meat meals from 
negligible BSE risk countries increased 9.1% from 2000 to 2009.  Table 26 shows exports of 
meat meal from controlled BSE risk countries.  Austria, Canada, Colombia, Cyprus, Estonia, 
Germany, Greece, Hungary, Ireland, Italy, Lithuania, Republic of Korea, Switzerland, and the 
U.S. exports of meat meal all declined from 2000 to 2009.  Belgium, Brazil, Czech Republic, 
France, Netherlands, Portugal, Slovakia, Slovenia, Spain and the United Kingdom all increased 
exports of meat meal from 2000 to 2009.  Total exports of meat meal for controlled BSE risk 
countries increased 2.8% from 2000 to 2009.  Table 27 shows export of meat meal (MT and 
percentage) of negligible BSE risk countries, controlled BSE risk countries and world total.  
Negligible BSE risk countries exported 625,058 MT of meat meal in 2000 and 681,908 MT in 
2009, a 9.1% increase.  Controlled BSE risk countries exported 1,487,479 MT in 2000 and 
1,528,633 MT in 2009, a 2.8% increase.  Negligible BSE risk exports of meat meal represented 
29.2% in 2000, 45.4% in 2004, and 30.1% in 2009.  Conversely, exports of meat meal for 
controlled BSE risk countries represented 69.4% in 2000, 51.2% in 2004 and 67.5% in 2009. 
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Table 28 shows BRIC, E.U. (27) and U.S. country imports of oilseed meal, meat meal 
and soybeans in MT and as a percentage of total oilseed meal, meat meal and soybeans imports 
from 2000 to 2009.  The table shows declining trends of meat meal imports as a percentage of 
total oilseed meals, meat meal and soybeans during the ten year span for Brazil, Russia, China, 
the U.S. and total world meat meal imports.  India‟s import of meat meal in 2000 was negligible 
and no import of meat meal was recorded in 2009.  E.U. meat meal imports in 2000 were 45,894 
MT and declined to 28,466 MT, a 38.0% reduction.  However, meat meal imports as a percent of 
oilseed meals, meat meal and soybeans remained unchanged at 0.1%.   Meat meal imports 
declined from 2000 to 2009 in Brazil, India, China, and as previously noted, the E.U.  
Additionally, world imports of meat meal declined by 12.5% from 2000 to 2009.  Brazil, India, 
China and the E.U. imported less than 1% meat meal (as percentage of total oilseed meals, meat 
meal and soybeans) 2009.  Russia increased meat meal imports between 2000 and 2009 from 
36,664 MT in 2000 to 63,622 MT in 2009, a 73.5% increase.  U.S. meat meal imports increased 
from 66,896 MT to 92433 MT, a 38.2% change.  Total world imports of meat meal as a 
percentage of oilseed meals, meat meal and soybeans in 2000 were 2.1%, but declined to 1.2% 
by 2009.   
Table 29 shows BRIC, E.U. and U.S. exports of oilseed meals, meat meal and soybeans 
from 2000 to 2009.  Exports of oilseed meals from 2000 to 2009 increased in all BRIC countries, 
the E.U. and the U.S.  World total oilseed meals exports increased from 47.1 million MT to 73.0 
million MT from 2000 to 2009, a 54.8% increase.  Meat meal exports from 2000 to 2009 
increased from Brazil, Russia, and the E.U., while meat meal exports declined for India, China, 
and the U.S. during the same time span.  World exports of meat meal increased 5.7% from 2000 
to 2009.  Soybean exports from 2000 to 2009 increased for all BRIC countries, the E.U. and the 
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U.S., and total world soybean exports increased from 96.7 million metric tons to 156.8 million 




A. GLOBAL ANIMAL PRODUCTION - Animal production will continue to rise to meet the 
growing demand for meat, poultry, milk and eggs as population, income and urbanization 
increase. 
As previously noted, the Food and Agricultural Organization of the United Nations 
predicts the world‟s population will increase to 9.1 billion by 2050 (FAO, 2009), and while 
factors such as population and disposable income can be key indicators for increased 
consumption of animal products (Delgado, 1999a), urbanization is likely the greatest 
unknown component that could potentially influence meat, poultry, milk and egg 
consumption.  Huang and Bouis (1996) suggested that “structural changes” as a result of 
urbanization could greatly influence food demand.  “Structural changes” include 
urbanization, availability of meat, poultry, milk and eggs due to improved marketing 
systems, lifestyle changes, including types of work and activity, and cultural exposure.  Of 
particular importance is the marketing system, which includes the distribution and 
availability of food.  As retailers build and hone distribution skills, food becomes more 
readily available.  In looking to the future and identifying where increased consumption of 
animal products is likely to occur, it is not difficult to correlate population and income 
growth, but accounting for “structural changes” and their influence on a country may be very 
difficult as it is likely to differ from country-to-country.  Additionally, Huang and Bouis 
(1996) note that “in lower-income countries such as India and Indonesia, where meat 
consumption is presently quite low and structural transformation is in an early stage, time-
series data for meat consumption will not reflect a possible impending upward structural shift 
in demand.”  Thus, demand for meat, poultry, milk and eggs will continue to rise with the 
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increase in population and income, but it is difficult to predict the structural changes that 
might influence demand. 
B. DOMESTIC AVAILABILITY OF ANIMAL-BASED PROTEIN FEED 
INGREDIENTS - As animal production increases, domestic availability of rendered 
products increase.   
Meeker (2006) explains that “49 percent of the live weight of cattle, 44 percent of the live 
weight of pigs, 37 percent of the live weight of broilers, and 57 percent of the live weight of 
most fish species are materials not consumed by humans.”  Meeker (2006) adds “raw 
materials vary, but an overall approximation of content would be 60 water, 20 percent protein 
and mineral, and 20 percent fat before the rendering process.”  Rendered animal byproducts 
increase as animal production increases, but for developing countries struggling to increase 
animal production, availability of meat meals will still be dependent upon imports of protein 
feed ingredients to meet demand for growing livestock numbers.  World production of cattle, 
chickens, ducks, geese and guinea fowls, pigs and sheep have increased since 2000 (Tables 
10-13 & 15-16).  Importantly, this increase in livestock production results in not only meat 
products for consumers, but valuable animal protein feed ingredients for livestock as well.   
C. MEETING FEED DEMANDS - Countries will be forced either to increase crop acreage 
and/or crop yields or import protein feed ingredients to meet growing demands for livestock 
production. 
Delgado, et al. (1999a) reported two options for developing countries to support growing 
demand for animal feed, as a result of increased animal production.  First, a developing 
country can increase grain (or oilseed) production.  If a developing country has the natural 
resources, the capital to increase agricultural production, and the infrastructure to utilize and 
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disperse the agricultural products by either reaching the world market or internal animal 
production demands, the option of simply increasing grain/oilseed production is viable.  
Brazil is an excellent example of a developing country that from 2000 to 2010 not only 
increased oilseed production, but livestock production as well (Table 30 & 31).  Brazil‟s 
oilseed crop production increased 101.3% from 2000 to 2010.  Brazil‟s cattle production 
increased 23.3%, chicken production increased 47.0%, duck production increased 5.9%, pig 
production increased 23.4% and sheep production increased 17.6% from 2000 to 2010.  
China also experienced oilseed crop and livestock production growth between 2000 and 2010 
(Tables 30 & 31).  Oilseed production in China grew from 15.1 million MT to 16.5 million 
MT, an increase of 8.9% from 2000 to 2010.  China‟s Chicken production rose 32.6%, duck 
production rose 29.1%, pig production rose 8.5% and sheep production rose 2.2% while 
cattle production declined 19.9%.   
Secondly, a developing country can import animal feed and feed ingredients to meet 
animal production demands.  China exemplifies the second strategy, increasing imports of 
protein feed ingredients (oilseed meals, meat meal and soybeans) by 234.4% from 2000 to 
2009 (Table 28).  Conversely, Brazil decreased imports of protein feed ingredients (oilseed 
meals, meat meal and soybeans) 84.3% from 2000 to 2009 (Table 28).   
China‟s strategy was two-fold, not only increasing imports of grains/oilseeds, but 
increasing domestic crop production as well (Sun et al., 2008).  However, the differences 
between China and Brazil go beyond strategies to meet growing feed demands.  Brazil has 
far fewer people than China, and consequently, per capita resources are not as scarce in 
Brazil.  Additionally, as of 2010, nearly 86.5% of Brazilians live in urban areas whereas only 
47.0% of the 1.3 billion Chinese live in urban areas, (Table 4).  Brazil and China‟s per capita 
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consumption of beef and veal, swine, broilers and turkeys are shown in Table 32.  Brazil‟s 
per capita consumption (kg) of meat and poultry from 2000 to 2011 was larger than China‟s.  
From 2000 to 2010, Brazil‟s beef and veal consumption increased 10.1%, swine consumption 
increased 25.5%, broiler consumption increased 63.9% and turkey consumption increased 
237.7% (Table 32).  China‟s per capita consumption also rose from 2000 to 2010, with beef 
and veal consumption increasing 1.5%, swine consumption increasing 19.1%, broiler 
consumption increasing 30.6%, while turkey consumption was 0.3 kg per capita consumption 
in 2000 and was 0 kg in 2009 (Table 32).  It is important to note that China‟s population 
growth was only 5.7% from 2000 to 2010 while Brazil grew at 11.8% (Table 1), and Brazil‟s 
per capita GNI was twice that of China (Table 3).  Huang and Bouis (1996) suggested that 
structural changes, not simply disposable income, can play a significant role in the food 
demand.  Given the cultural and urban differences between Brazil and China, the structural 
changes within these countries appear to be evolving at different rates as indicated by per 
capita GNI and meat and poultry consumption (Table 3 and Table 32).  However, a country‟s 
natural resources should not be ignored nor should technological advancements, both of 
which can influence supply.  Importantly, for the purpose of this research, Brazil and China 
represent developing countries at opposite ends of the feed spectrum, in which the former is a 
exporter of protein feed ingredients and the latter is an importer of protein feed ingredients 
(Tables 28 & 29). 
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D. BSE IMPACT ON PROTEIN AVAILABILITY - BSE, and subsequent regulations, 
limited the trade of meat meal from countries with BSE confirmation between 2000 and 
2009.   
As shown in Charts 26-39, meat meal exports of countries with confirmed BSE 
experienced immediate decline following the discovery.  Importantly, top-ten exporting 
countries in 2000 with discovery of BSE between 2000 and 2009, which included the U.S., 
Germany, Italy, and Denmark, did not reach export levels prior to confirmation of BSE by 
the end of the decade (Figures 26, 27, 29 & 38).  Some countries, such as the Czech 
Republic, Slovenia and Slovakia, increased exports of meat meal even after confirmation of 
BSE (Figures 30, 32 & 35).  This could partially be as a result of joining the E.U. and/or 
compliance with Regulation (E.C.) 1774/2002 (European Commission, 2002), the E.U.‟s 
animal byproducts regulation.  The Czech Republic and Slovakia joined the E.U. in 2004, 
and Slovenia joined the E.U. in 2007.  E.U. member countries are obliged to recognize the 
member status and permit imports in accordance with E.U. legislation.     
Canada‟s recovery from BSE confirmation in July 2003 never truly began (Figure 37), 
and as a result, the Canadian Food Inspection Service promulgated the Canadian Animal 
Health Act in 2009, requiring an enhanced feed ban, which limited animal proteins fed to 
cattle, including specified risk materials (SRMs) which “means the skull, brain, trigeminal 
ganglia, eyes, tonsils, spinal cord and dorsal root ganglia of cattle aged 30 months or older, 
and the distal ileum of cattle of all ages, but does not include material from a country of 
origin, or a part of a country of origin, that is designated under section 7 as posing a 
negligible risk for Bovine Sponfiform Encephalopathy” (CFIA, 2007).  These regulatory 
efforts were intended to help protect Canadian beef markets and rebuild a strong meat meal 
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export program.  However, through 2009, Canadian attempts were unsuccessful in building 
meat meal exports (Figure 37).  
 While meat meal exports are important, the substitute products, oilseed meals and 
soybeans, which are processed and used as protein feed ingredients, are key to evaluating 
world protein feed ingredient availability.  Table 29 indicate the relationship between meat 
meal exports to total protein feed ingredients (oilseed meals, meat meal and soybeans) for 
BRIC countries, the E.U., U.S. and total world.  The relationship to soybeans is important 
because soybeans are processed into soybean oil and soybean meal, and oilseed meals are an 
adequate (and most often preferred) substitute product for meat meals (Firman, 2006).  A key 
indication of meat meal‟s declining availability on the world market is the percentage of meat 
meal exported when compared to total oilseed meal, meat meal and soybeans.  As oilseed 
meal and soybeans increased to meet growing livestock nutritional needs between 2000 and 
2009, 54.8% and 72.1%, respectively, meat meals increased only 5.7% (Table 29).  
Importantly, exports of meat meal as a percent of oilseed meals, meat meals and soybeans 
declined from 2.1% in 2000 to 1.2% in 2009 (Table 29).   
A comprehensive data set does not currently exist to determine the use of meat meals.  
While some countries have specie-to-specie restrictions, the meal may be used for other 
species.  In the E.U., ruminants cannot consume animal protein (European Commission, 
2008).  Article 7(1) of Regulation (EC) No 999/2001 notes “that the feeding to ruminants of 
protein derived from animals is prohibited.”  Furthermore, legislation in Europe bans the 




Since animal production is increasing (Tables 10-13, 15,16), meat meal not intended for 
human consumption is rising.  For some countries, domestic consumption of meat meal is 
likely replacing what once may have been exported.  Additionally, the data compiled in this 
research paper suggests that oilseed meals and soybeans are used more readily to meet the 
growing nutritional needs of world livestock.   
E. NEGLIGIBLE BSE RISK COUNTRIES VERSUS CONTROLLED BSE RISK 
COUNTRIES - BSE impacted both negligible BSE risk and controlled BSE risk countries. 
Possibly the most important consideration in determining the impact of BSE on world 
protein supply as it relates to trade is comparison of exports of meat meal between negligible 
BSE risk and controlled BSE risk countries from 2000 to 2009.  OIE classification of 
negligible BSE risk and controlled BSE risk countries was not established until 2007 (OIE, 
2007).  However, classification via 2011 is one way to observe the impact of BSE.  
Negligible BSE risk countries, as defined by OIE in 2011 (OIE, 2011a), increased exports of 
meat meal 9.1% during the ten year time span (Table 25).  Table 25 shows exports of meat 
meal from negligible BSE risk countries.  However, negligible risk countries include 
Denmark, Sweden and Finland, countries with confirmed BSE.  Denmark meat meal exports 
declined 45.4% from 2000 to 2009 (Figure 26), and Sweden‟s exports of meat meal declined 
76.2% over the same time frame (Figure 39).  Finland exports increased over 2000% (Figure 
34), but meat meal exports were negligible in 2000.  Finland meat meal exports did decrease 
after discovery of BSE in March 2006,  but after declines in 2007 and 2008, meat meal 
exports increased to 5351 MT, a ten year high.  Finland‟s quick recovery was not a result of 
joining the E.U., as Finland became an E.U. member country in 1995.  India and Singapore, 
neither of which confirmed BSE, were the only other negligible BSE risk countries whose 
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exports of meat meal declined over the 10 year period.  While India declined 24.5% from 
2000 to 2009, exports were only 462 MT in 2000, or just 0.07% of total meat meal exports of 
negligible risk countries, and just 349 MT in 2009 (Table 25).  Similarly, Singapore only 
exported 37 MT in 2000, and no meat meal exports were recorded in 2005 or 2009 (Table 
25).  All other countries experienced growth, ranging from Finland‟s high of over 2400% to 
New Zealand‟s 0.1% gain (Table 25).   
Table 27 shows export of meat meal from negligible and controlled BSE risk countries, 
as defined by OIE in 2011 (OIE, 2011a).  As previously noted, the growth of meat meal 
exports of negligible BSE risk countries from 2000 to 2009 was 9.1%.  However, negligible 
BSE risk countries were not unaffected by BSE events.  Meat meal exports from negligible 
risk countries declined in 2001, 2002 and 2003.  Figure 40 shows total meat meal exports of 
negligible and controlled BSE risk countries from 2000 to 2009.  Exports of meat meal from 
negligible BSE risk countries exceeded 2000 year levels in 2007, and two years later , meat 
meal exports from controlled BSE risk countries exceeded exports in 2000.  In 2000, 
negligible BSE risk countries exported 29.2% of the total (negligible and controlled BSE risk 
countries) meat meal exports (Table 27).  In 2000, three countries confirmed BSE and in 
2001, seven countries confirmed BSE (Table 23).  Exports of meat meal from negligible BSE 
risk countries as a percent of total global meat meal export increased from 2000 to 2004, 
from 29.2% to 45.4% (Table 27).  However, meat meal exports for negligible BSE risk 
countries declined 12.8% from 2000 to 2004, and for controlled BSE risk countries, meat 
meal exports declined 58.6% during the same time span (Table 27).  Overall total meat meal 
exports (including both negligible and controlled BSE risk) declined 43.9% from 2000 to 
2004.  Thus, while export growth of meat meal from negligible BSE risk countries exceeded 
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the growth of exports from controlled BSE risk countries from 2000 to 2009, negligible BSE 
risk countries were impacted by BSE events.   
Another way to look at the impact of BSE is to more closely examine the top ten 
exporters of meat meal from 2000 to 2009, comparing those that have had BSE and those 
that have not confirmed BSE.  Table 33 shows the top ten exporting countries of meat meal 
(MT) from 2000 to 2009.  These countries, the U.S., Australia, New Zealand, Germany, 
Italy, Belgium, the Netherlands, Argentina, France and Denmark, represented 84.8% of 
world meat meal exports in 2000 (Table 33).  In 2004, the top ten meat meal exporters 
represented 78.1% of world meat meal exports and declined to 72.5% in 2009.  Australia, 
New Zealand and Argentina have not had confirmed BSE, but the U.S., Germany, Italy, 
Belgium, the Netherlands, France and Denmark have confirmed BSE.  Table 34 compares 
the top ten meat meal exporters (MT) from 2000 to 2009.  Non-BSE countries (Australia, 
New Zealand and Argentina) exports are compared to countries with confirmed BSE (U.S., 
Germany, Italy, Belgium, the Netherlands, France and Denmark).  Top ten meat meal 
exporters with confirmed BSE represented 78.5% of the top ten meat meal exports in 2000, 
but represented only 53.3% in 2004 (Table 34).  In 2009, the top ten meat meal exporters 
with confirmed BSE recovered a portion of those exports, representing 70.7% of the total top 
ten meat meal exports (Table 34).    
This trade data suggests that country BSE classification can play a significant role in 
ability to export meat meal.  BSE free countries (and more recently, countries classified as 
negligible BSE risk countries) have more favorable regulatory parameters, meaning less trade 
restrictions for animal products.  In fact, many of the bilateral agreements today specifically 
allow meat meal from negligible BSE risk countries (APHIS, 2012).  However, total meat 
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meal exports (including negligible and controlled BSE risk countries) from 2000 to 2004 
declined approximately 44% before exports began to increase (Table 27).  Only in 2009 did 
total exports of meat meal (including negligible and controlled BSE risk countries) exceed 
that of 2002 (Table 27).  This trend was also evident in controlled BSE risk country exports 
of meat meal as well.  From 2000 to 2004, meat meal exports declined for controlled BSE 
risk countries at a rate of 58.6% (compared to 12.8% for negligible BSE risk countries) 
(Table 27).  Meat meal exports for controlled BSE risk countries increased from 2004 to 
2009, finally surpassing 2000 levels in 2009 (Table 27).  When comparing the top ten 
countries exports of meat meal, BSE confirmed countries never reached the level observed in 
2000 (Table 34).  In fact, exports of meat meal from the U.S., Germany, Italy, Belgium, the 
Netherlands, France and Denmark declined 18.7% between 2000 and 2009 (Table 34), while 
exports of meat meal from the Australia, New Zealand and Argentina increased 23.1% 
(Table 34). 
F. ANIMAL DISEASE IMPACT FOR THE FUTURE - The threat of animal diseases, such 
as BSE, will continue to limit movement of animal-based protein feed ingredients. 
Many animal health standards have been put in place to contain BSE, but other animal 
diseases pose threats that have prompted zoosanitary requirements as well.  For example, 
outbreaks of avian influenza have prompted countries to restrict imports of poultry byproduct 
meal from impacted countries.  As a result of animal disease outbreaks, countries often react 
with internal animal health standards intended to prevent the spread of disease and help 
bolster international confidence in containment and eradication methods.  Specifically for 
BSE, the E.U. enacted Regulation (E.C.) 1774/2002 which regulates the “collection, 
transport, storage, handling, processing and use or disposal of animal by-products, to prevent 
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these products from presenting risk to animal or public health” as well as defining categorical 
risk of animal by-products and appropriate processing methods (European Commission, 
2002).  In 1997, the U.S. Food and Drug Administration‟s Center for Veterinary Medicine 
(CVM) promulgated rules restricting the use of most mammalian proteins in ruminant feed 
and required processing standards to help insure processes were in place to ensure ruminant 
feeds do not contain mammalian tissues (US FDA CVM, 1997).  In 2008, CVM further 
enhanced the feed ban by restricting the use of brains and spinal cords of cattle over the age 
of 30 months (US FDA CVM, 2008).  While these practices help contain the disease, they do 
not rid a country of the threat of animal disease.  Informa Economics (2011) highlights the 
impact of BSE and subsequent regulatory measures taken by FDA, noting: 
Despite the fact that these measures adopted nearly 15 years ago have proven completely 
effective in preventing the spread of BSE to US cattle, MBM prices remain extremely 
vulnerable to any BSE-related developments, including announcements or discussion by 
the FDA that might even suggest tighter restriction on the use of this product. 
 
As a result, many countries use potential “risk” as a justification to require animal 
health/processing standards, which limit the importation of meat meal or even processed 
products containing meat meal, such as pet food.  Thus, it is unrealistic to believe the trade of 
animal products will be unaffected by potential “risk” of animal disease, even if appropriate 
animal health and processing standards are in place to minimize risk of outbreak.  However, 
it is important to note that a robust regulatory system can help maintain markets and/or 
potentially increase recovery speed in the event of disease discovery. 
G. OILSEEDS’ FUTURE ON THE GLOBAL MARKET (AND U.S. RENDERER 
IMPLICATIONS) - Oilseeds and oilseed meal will continue to be competitive in the global 
market, making it more difficult for animal-based protein feed ingredients to compete. 
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The nutritive value of plant-based protein meals and animal-based protein meals as 
substitute livestock feed ingredients is without question.  Given the availability of 
supplemental amino acids, the consistency of oilseed meals, the availability of oilseed meals 
and/or oilseeds, and importantly, the arguably less burdensome regulatory restrictions of 
oilseed meals and oilseeds compared to animal-based proteins, plant protein feed ingredients 
are well positioned for continued growth in global trade.  However, oilseeds and oilseed 
meals are not without regulatory obstacles.  Restrictive GMO regulations exist for many of 
the major importers of protein feed ingredients and livestock producing regions of the world, 
including the E.U., Brazil, Russia and China.  Table 35 shows U.S. soybean exports 
increased 49.0% during the 2000 to 2009 span.  GMO soybeans composed 54% of the U.S. 
soybean crop in 2000 and 91% of the soybean crop in 2009 (USDA, 2001, USDA, 2010).  
From 2000 to 2009, E.U. imports of soybeans declined 13.0% from 2000 to 2009, and 
Brazil‟s soybean imports declined 87.7% during the same time span (Table 28).  However, 
soybean imports for Russia increased 2243.9% and China‟s soybean imports increased 
253.1% (Table 28).  Additionally, global exports of soybeans increased 72.1% from 2000 to 
2009 (Table 29).  The fact that major global livestock producing regions of the world have 
GMO restrictions but have increased soybean imports, would appear to limit the potential 
availability of soybeans from the U.S given that much of the soybean crop is GMO.  
However, the U.S, with 91% of the soybean crop designated as GMO in 2009 (USDA, 2010), 
exported 52.3 million MT to China in 2009 (Table 20).  Thus, while GMOs may limit 
exports to some markets, it appears U.S. exporters‟ ability to move soybeans is not hampered 
given their substantial increase (49.0%) in exports from 2000 to 2009 (Table 35).   
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The increased demand for oilseed meals and oilseeds is not necessarily detrimental to 
animal-based protein feed ingredients.  As illustrated in Figure 38, meat meal exports from 
the U.S. have slowly risen since discovery of BSE in December 2003, but have never 
recovered to pre-BSE discovery levels.  Informa Economics (2011) indicate that average 
market prices for rendered proteins increased between 2007 and 2011, despite the fact that 
export markets for meat meal had yet to fully recover from discovery of BSE in December 
2003 and oilseed meal and soybean exports continued to rise (Figure 8).  Informa Economics 
(2011) notes that:   
the prices of rendered proteins reflect their value in livestock feed rations and the degree 
to which other – usually vegetable based – serve as a substitute to provide similar feeding 
benefits…  Rendered proteins offer many advantages in livestock feed that are difficult to 
reproduce with vegetable proteins and synthetic additives, but as a general source of 
protein these products compete directly with dozens of alternatives, including most 
prominently soybean meal, corn gluten meal and increasingly by products from ethanol 
production (i.e. DDGS).  Therefore, prices of rendered proteins tend to track closely with 
vegetable and grain proteins.     
 
Thus, increased demand for substitute protein feed ingredients is likely to help support 
prices for rendered products.  However, the global market and U.S. meat meal exports are 
important for U.S. renderers.  Of particular concern for the rendering industry is the lack of 
growth in the export market when compared to global market rate of growth.  A possible 
benchmark should be U.S. export growth of meat meal products at the rate at which meat 
meal is traded on the global market.  From 2005 to 2009, U.S. meat meal exports increased 
42.3%, while global exports of meat meal increased 67.6% (Table 21).  While the U.S. was 
still the top exporter of meat meal in 2009 (Figure 6), global competitiveness and regulatory 
hurdles have impacted U.S. trade.     
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 Increasing demand for rendered protein products is important for the economic success 
of the rendering industry.  While domestic rendered product utilization can increase via 
domestic increase in livestock production as a result of increased population and per capita 
meat consumption, the international market is an important tool for U.S. renderers to increase 
demand.  Export of U.S. meat and poultry, as well as direct export of rendered products, 
helps drive demand for U.S. rendered products.  From a regulatory perspective, it would 
appear there are two strategies to increase demand for U.S. rendered proteins.  First, 
renderers can help maintain/increase exports of animal-based proteins by insuring practices 
are in place to export product, particularly for products such as pet food.  Pet foods utilized 
31% of U.S. rendered proteins in 2010, the second largest protein market for the rendering 
industry (Informa Economics, 2011).  U.S. pet food manufacturers exported 650,000 MT of 
dog and cat food in 2011 (USDA GATS, 2012).  Secondly, identifying and targeting 
opportunities to increase exports of U.S. rendered proteins can help maintain/increase market 
demand.  In order to do this, it is critical to assess the global market and seek favorable 
bilateral trade agreements with countries that have (1) limited restrictions on the use of 
animal-based protein feed ingredients for livestock feed, (2) significant or growing livestock 
production and (3) dependence upon imports of protein feed ingredients to sustain the 
livestock sector.  Export promotion for targeted countries is currently on-going done under 
USDA Foreign Market Development funds by the National Renderers Association.         
H. BROILER PERFORMANCE - Reduced availability of animal-based protein feed 
ingredients may impact animal performance, particularly in developing countries. 
The research cited in the literature review in Chapter 3 leaves little doubt regarding the 
value of MBM in poultry rations.  MBM is a valuable feed ingredient, supplying high levels 
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of limiting amino acids and phosphorus.  Additionally, the lack of oligosaccharides found in 
soybean meal likely benefit broiler performance as well (Firman, 2006).   Research suggests 
phosphorus in MBM is nearly 100% bioavailable (Drewyor & Waldroup, 2000), and most 
formulating nutritionist assume this level of phosphorus bioavailability (Firman, 2006).  
MBM has been shown to be incorporated in broiler diets at levels as high as 12.98% for high-
ash MBM and as high as 17.76% for low-ash MBM to provide up to 0.85% non-phytate 
phosphorus “with no adverse effects on body weight, feed utilization, mortality, or tibia ash 
content at 21, 42, or 49 days of age when formulated on the basis of estimated digestible 
amino acid content” (Drewyor & Waldroup, 2000).   However, MBM has some utilization 
limitations.  First of all, MBM can vary in protein quality due to raw material sourcing and 
cooking (Adedokun et al., 2007, Parsons et al., 1997; Wang & Parsons, 1998b; Karakas et 
al., 2001).  Parsons et al. (1997) determined that ash content is correlated to protein quality.  
Thus, a quality assurance program must be in place to insure MBM is effectively utilized in 
broiler diets, and rapid tests are available to evaluate and optimize calcium and phosphorus 
(Mendez & Dale, 1998).  Variability can potentially be reduced by sourcing from a single 
rendering facility as opposed to sourcing MBM openly on the international market.  Also, 
products should be formulated on an amino acid digestible or bioavailable basis as opposed 
to a total amino acids basis (Wang & Parsons, 1998b). Secondly, MBM‟s metabolizable 
energy has historically been a concern.  Estimating adequate dietary energy is important to 
insure protein is efficiently used by the body.  Utilizing MBM in “practical diets” at 
approximately 10% does not adversely impact performance or fat deposition (Martosiswoy & 
Jensen, 1998b, Drewyor & Waldroup, 2000).  Importantly, MBM is unlikely to be used as 
the primary protein source in broiler rations (higher than 10% of the diet) regardless of 
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region or country.  In the U.S., it is typically utilized at 5% or less (Firman, 2006).  Informa 
Economics (2011) notes that “commercial feed producers are highly sophisticated and 
routinely use complex mathematical tools to continually develop least-cost rations built to 
well known specifications reflecting feed needs by specie, purpose, age and feeding 
objectives.”  The U.S. is not the only country in the world with the ability to effectively 
utilize MBM as an ingredient in poultry rations, and Firman (2006) notes that the U.S. 
poultry industry is a model for developing countries.  It should not be assumed other 
regions/countries of the world, even developing countries, do not have the capability to 
effectively utilize MBM in broiler rations.  Poultry industry technologies and efficiencies 
have been duplicated throughout the world, and the growth of Brazil‟s broiler industry is a 
prime example (Table 11).  Furthermore, availability of oilseed meals and oilseeds allows for 
optimization of broiler diets with MBM.  BSE and subsequent regulations have impacted the 
trade of meat meals (Figure 1 & 2), and trade of oilseed meals and oilseeds have increased 
from 2000 to 2009 (Figure 8).  Finally, the E.U. restricted use of animal protein feed 
ingredients in farm animal feeds (European Commission, 2008, European Commission 
2012), and yet poultry production grew 4.2% from 2000 to 2010 (Table 11).  However, for 
developing countries where economical sources of protein and essential minerals are not 
readily available, restricted availability or feeding of meat meals, such as MBM, could 
potentially impact broiler performance. 
I. RESEARCH LIMITATIONS 
As previously noted, “meat meal”, as a category, is too broadly defined, but represents 
the only categorical data available to assess the trade of animal-based protein feed 
ingredients.  A more detailed analysis could be conducted if meat meal was categorically 
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divided by specie.  It is theorized that regulatory requirements, as a result of BSE, have 
impacted exports of ruminant MBM and mixed-specie proteins more severely than poultry 
meals (Informa Economics, 2011), “these imports restrictions are targeted primarily toward 
ruminant-based and mixed-species MBM, but have likely had some negative impact on 
markets for non-ruminant MBM, as well.”   
 
J. RECOMMENDATIONS FOR RESEARCH  
Research related to the impact of animal diseases on trade typically focuses on meat or 
poultry intended for human consumption.  Less research has been conducted to highlight the 
impact of regulatory restrictions associated with animal diseases as it relates to animal-
protein feed ingredient trade and availability.  Furthermore, the impact of trade and 
availability of animal-based ingredients on animal performance is rarely investigated.  As a 
result, the impact of trade restrictions for animal-based protein feed ingredients associated 
with disease outbreak or the potential for disease outbreak cannot be adequately evaluated 
when policy-making decisions are necessary.  This is particularly important for 
regions/countries of the world where commercial animal production is in its infancy, protein 
availability is a limiting factor in animal production, and meat or poultry is more critical to 
improve the nutritional status of the population.  Thus, research opportunities exist to 
investigate the impact of zoosanitary standards and their impact on trade and availability of 
animal-based protein feed ingredients, particularly as it relates to developing countries.    
Summary 
In summary, BSE appears to have impacted world protein supply.  From 2000 to 2009, 
trade of oilseed meals and soybeans, plant-based protein that serve as nutritional 
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“substitutes” for meat meal, increased substantially when compared to meat meals.  Meat 
meal exports declined for both negligible risk and controlled BSE risk countries.  Negligible 
BSE risk countries meat meal exports declined from 2001 to 2006, and controlled BSE risk 
countries meat meal exports declined from 2001 to 2008.  The increase in population, 
urbanization and per capita GNI, specifically in developing countries such as BRIC, coupled 
with the increase in global livestock production, indicate an increased need for protein feed 
ingredients to support continued and growing demand.  This increased demand for protein 
feed ingredients appeared to support domestic demand for rendered products in regards to 
price (Informa Economics, 2011).  It is likely global livestock production will continue to 
increase, requiring more import of protein feed ingredients (Delgado et al., 1999a).  The 
demand for protein feed ingredients is the primary need to meet the global livestock needs, 
not the demand for meat meal specifically.  Instead, meat meal is a small component, 
representing only 2.2% of the total oilseed meals, meat meal and soybeans exported in 2000 
and only 1.4% in 2009.  Given growth and availability of oilseed meals and oilseeds on the 
global market, it makes the scenarios for meat meal to be favored over oilseed meals and 
oilseeds unlikely.  However, meat meal, as a complimentary protein source due to its amino 
acid composition and mineral content, make it a likely and viable option if available for 
livestock production.  Since animal health events are likely to occur in the future, the 
regulatory restrictions for meat meal is unlikely to diminish.  Thus, while meat meal exports 
are likely to continue as an export commodity, albeit impacted by trade restriction, oilseed 
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Table 1.   
     World population estimates by region, development and year. 
 




Major area, region, 
country or area 





--------------- 1000s --------------- Percent 
WORLD 6,122,770 6,506,649 6,817,737 6,895,889 12.6 
More developed 
regions 
1,188,809 1,210,897 1,231,122 1,235,900 4.0 
Less developed 
regions 
4,933,961 5,295,752 5,586,615 5,659,989 14.7 
Least developed 
countries 









3,635,693 3,958,139 4,221,036 4,287,841 17.9 
Sub-Saharan Africa 669,123 757,513 835,603 856,327 28.0 
AFRICA 811,101 911,120 999,045 1,022,234 26.0 
ASIA 3,719,044 3,944,992 4,120,815 4,164,252 12.0 




521,429 557,038 583,547 590,082 13.2 
NORTHERN 
AMERICA 
313,289 329,231 341,490 344,529 10.0 
OCEANIA 31,130 33,532 35,984 36,593 17.5 
Source:  United Nations, Department of Economic and Social Affairs, Population 






Table 2.   
     U.S., Europe, BRIC and world total population estimates by year. 
 
      
Country     
Change 
2000 2005 2009 2010 Since 2000 
 
------------ (1000s) ------------ Percent 
U.S. 282,496 296,820 307,687 310,384 9.9 
Europe 726,777 730,736 736,855 738,199 1.6 
Brazil 174,425 185,987 193,247 194,946 11.8 
Russia 146,758 143,843 143,064 142,958 -2.6 
India  1,053,898 1,140,043 1,207,740 1,224,614 16.2 
China 1,269,117 1,307,593 1,334,909 1,341,335 5.7 
Total 3,653,471 3,805,023 3,923,501 3,952,437 8.2 
World Total 6,122,770 6,506,649 6,817,737 6,895,889 12.6% 
% of World 59.7% 58.5% 57.5% 57.3%   
Note:  U.S., Europe, BRIC (Brazil, Russia, India & China) compose "Total" 
Source:  United Nations, Department of Economic and Social Affairs, Population 






Table 3.   
    World, US, Europe and BRIC gross national income (GNI) per capita by year. 
     
    
Change 
Year 2000 2005 2009 Since 2000 
 
              ------ U.S. dollars ------ Percent 
U.S. 34,410 44,030 47,240 37.3 
E.U. (27) 
    
High - Luxembourg 43,660 66,260 74,430 70.5 
Low - Romania 1,690 3,920 8,330 392.9 
Brazil 3,870 4,020 8,040 107.8 
Russia 1,710 4,460 9,370 448.0 
India 450 750 1,180 162.2 
China 930 1,760 3,590 286.0 
World Average 7,141 10,373 10,218 43.1 
Source:  World Bank National Accounts Data, and OECD National Accounts data 





Table 4.  
     Population living in urban areas. 
    
      
Major area, region, 
country or area 
Estimates Predictions 
1950 2000 2010 2025 2050 
 
--------------- Percent --------------- 
World 28.8 46.4 50.5 56.6 68.7 
More developed 
regions 
52.6 72.7 75.2 79.4 86.2 
Less developed 
regions 
17.6 40.0 45.1 52.3 65.9 
Least developed 
countries 









20.2 41.4 44.4 50.5 64.2 
Sub-Saharan Africa 11.0 32.7 37.2 45.0 60.1 
Africa 14.4 36.0 40.0 47.2 61.6 
Asia 16.3 36.8 42.2 49.9 64.7 
China 11.8 35.8 47.0 58.6 73.2 
India 17.0 27.7 30.0 36.6 54.2 
Europe 51.3 70.8 72.8 76.9 84.3 
Russian Federation 44.1 73.4 73.2 75.6 82.7 
Latin America and 
the Caribbean 
41.4 75.5 79.6 83.8 88.8 
Brazil 36.2 81.2 86.5 90.4 93.6 
Northern America 63.9 79.1 82.1 85.7 90.1 
United States 64.2 79.1 82.3 85.9 90.4 
Oceania 62.0 70.4 70.2 70.8 74.8 
Source:  United Nations, Department of Economic and Social Affairs, Population Division.   






      U.S., E.U. (27), BRIC and World Total per capita consumption of beef and veal meat by 
country. 
       
      
Change  
Country 2000 2005 2009 2010 2011 Since 2000 
 
--------------- (kilograms) --------------- Percent 
U.S. 44.3 42.8 39.8 38.8 37.5 -15.3 
E.U. (27) 16.8 17.0 16.2 15.9 15.5 -7.7 
Brazil 34.6 36.0 37.1 37.8 38.1 10.1 
Russia 13.7 17.8 17.5 17.6 17.7 29.2 
India 1.2 1.4 1.7 1.6 1.6 36.8 
China 4.0 4.3 4.3 4.2 4.1 1.5 
World Average* 14.3 14.6 14.8 14.8 14.7 3.4 
Note:  * Represents 60 countries recording consumption 
  
Source:  United States Department of Agriculture.  Foreign Agricultural Service.  (2012).  






 U.S., E.U. (27), BRIC and world total per capita consumption of swine meat by 
country. 
       
      
Change  




--------------- kilograms --------------- Percent 
U.S. 29.9 29.2 29.3 27.9 26.8 -10.5 
E.U. (27) 40.4 41.0 41.3 40.8 40.2 -0.4 
Brazil 10.4 10.3 12.2 12.8 13.0 25.5 
Russia 11.1 14.6 19.2 20.1 20.9 88.3 
India NA NA NA NA NA NA 
China 31.3 34.8 36.9 38.5 37.3 19.1 
World Average* 13.4 15.1 16.6 15.9 15.5 15.9 
Note:  * Represents 57 countries recording data 
   Source:  United States Department of Agriculture.  Foreign Agricultural Service.  (2012).  






      U.S., E.U. (27), BRIC and World Total per capita consumption of broiler meat by 
country. 
       
      
Change 




--------------- kilograms --------------- Percent 
U.S. 40.6 45.4 42.1 43.4 44.4 9.4 
E.U. (27) 
15.0 16.1 17.1 17.5 17.8 19.0 
Brazil 29.0 35.0 40.4 45.4 47.5 63.9 
Russia 9.2 15.3 21.3 21.1 21.0 128.3 
India 1.1 1.7 2.2 2.3 2.3 110.2 
China 7.4 7.8 9.2 9.4 9.7 30.6 
Total 102.3 121.3 132.3 139.1 142.7 39.5 
World 
Average* 17.4 20.2 23.4 24.1 24.9 42.7 
Note:  * represents 52 countries recording consumption  
  
Source:  United States Department of Agriculture.  Foreign Agricultural Service.  







      Per capita consumption of turkey meat by country. 
   
       
      
Change 
Country 2000 2005 2009 2010 2011 Since 2000 
 
--------------- kilograms --------------- Percent 
Brazil 0.5 1.1 1.5 1.6 1.8 237.7 
Canada 4.4 4.4 4.5 4.2 4.3 -2.5 
China 0.0 0.0 0.0 0.0 0.0 -100.0 
E.U. (27) 3.7 3.8 3.5 3.7 3.7 0.3 
Mexico 1.4 1.8 1.4 1.4 1.5 7.1 
Russia 1.1 0.8 0.5 0.8 0.9 -20.5 
South Africa 0.5 0.6 0.7 0.7 0.8 50.9 
Taiwan 0.9 1.0 0.0 0.0 0.0 -100.0 
U.S. 7.9 7.6 7.7 7.4 7.3 -7.2 
Average 2.3 2.3 2.2 2.2 2.3 -1.0 
Note:  Countries listed above represent all reporting countries.   
  
Source:  United States Department of Agriculture.  Foreign Agricultural Service.  (2012).  







Table 9.  
      U.S., E.U. (27), BRIC and world average of total domestic consumption of milk by 
country. 
       
      
Change 




------------ 1000 metric tons ------------ Percent 
U.S.      75,927       80,255       85,881       87,461       88,950  17.2 
E.U. (27)    134,526     139,525     137,565     139,243     141,566  5.2 
Brazil      22,229       24,250       28,766       29,953       30,616  37.7 
Russia      31,965       32,105       32,697       32,080       32,005  0.1 
India      79,250       91,450     112,000     116,995     121,495  53.3 
China        9,177       28,618       29,618       30,522       31,988  248.6 
Total    353,074     396,203     426,527     436,254     446,620  26.5 
World Average      19,972       22,057       22,928       23,375       23,955  19.9 
Note:  Per capita consumption of milk is not reported by USDA. 
  
Source:  United States Department of Agriculture.  Foreign Agricultural Service.  (2012).  







Table 10.   
    U.S., E.U. (27), BRIC and world cattle stock by year. 
  
     
    
Change 
Countries 2000 2009 2010 Since 2000 
 
---------- head ---------- Percent 
U.S.  
         
98,198,000  
         
94,521,000  
         
93,881,200  -4.4 
E.U. (27) 
         
97,635,716  
         
90,075,805  
         
89,160,029  -8.7 
Brazil 
       
169,876,000  
       
205,260,000  
       
209,541,000  23.3 
Russia 
         
28,032,300  
         
21,038,000  
         
20,671,300  -26.3 
India 
       
191,924,000  
       
206,400,000  
       
210,200,000  9.5 
China 
       
104,553,559  
         
82,624,751  
         
83,797,300  -19.9 
Total  
       
690,221,575  
       
699,921,565  
       
707,252,839  2.5 
World Total 
    
1,314,813,626  
    
1,419,528,556  
    
1,428,701,438  8.7 
U.S., E.U. (27), and 
BRIC as % of World 
52.5 49.3 49.5   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  
FAOSTAT:  Trade; Crops and livestock products.  Retrieved from 
http://faostat.fao.org/site/535/default.aspx#ancor  
 





    U.S., E.U. (27), BRIC and World chicken stock by year. 
 
     
    
Change 
Country 2000 2009 2010 Since 2000 
 
------------ 1000 head ---------- Percent 
U.S.  
       
1,860,000  
       
2,100,000  
       
2,100,000  12.9 
E.U. (27) 
       
1,191,087  
       
1,231,096  
       
1,241,588  4.2 
Brazil 
          
842,741  
       
1,233,860  
       
1,238,910  47.0 
Russia 
          
339,000  
          
366,282  
          
389,955  15.0 
India 
          
374,000  
          
810,000  
          
866,000  131.6 
China 
       
3,623,012  
       
4,502,198  
       
4,802,670  32.6 
Total 
       
8,231,840  
     
10,245,445  
     
10,641,133  29.3 
World Total 
     
14,401,862  
     
18,650,200  
     
19,457,660  35.1 
U.S., E.U. (27), and 
BRIC as % of World 
57.2 54.9 54.7   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







    U.S., E.U. (27), BRIC and World duck stock by year. 
  
     
    
Change 




------------ 1000 head ---------- Percent 
U.S.  
              
6,600  
              
6,900  
              
6,900  4.5 
E.U. (27) 
            
42,542  
            
42,013  
            
42,892  0.8 
Brazil 
              
3,400  
              
3,600  
              
3,600  5.9 
Russia 
                 
430  
                 
200  
                 
200  -53.5 
India 
            
30,400  
            
26,600  
            
26,000  -14.5 
China 
          
611,763  
          
769,427  
          
789,569  29.1 
Total 
          
697,135  
          
850,749  
          
871,171  25.0 
World Total 
          
947,569  
       
1,156,631  
       
1,187,675  25.3 
U.S., E.U. (27), and 
BRIC as % of World 
73.6 73.6 73.4   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  
FAOSTAT:  Trade; Crops and livestock products.  Retrieved from 
http://faostat.fao.org/site/535/default.aspx#ancor  





    U.S., E.U. (27), BRIC and World geese and guinea stock by year. 
 
     
    
Change 




------------ 1000 head ---------- Percent 
U.S. N/A N/A N/A N/A 
E.U. (27) 
              
7,946  
            
12,090  
            
10,234  28.8 
Brazil  N/A   N/A   N/A  NA 
Russia 
                 
500  
              
1,136  
              
1,238  147.6 
India N/A N/A N/A N/A 
China 
          
203,006  
          
316,990  
          
321,900  58.6 
Total 
          
213,452  
          
332,225  
          
335,382  57.1 
World Total 
          
238,246  
          
357,562  
          
359,789  51.0 
 
E.U. (27), Russia 
and China as % of 
World 
89.6 92.9 93.2 
  
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







    U.S., E.U. (27), BRIC and World turkey stock by year. 
  
     
    
Change 




------------ 1000 head ---------- Percent 
USA 
          
270,466  
          
247,359  
          
244,188  -9.7 
EU 
          
105,727  
            
91,823  
            
88,031  -16.7 
Brazil 
            
10,500  
            
23,000  
            
23,000  119.0 
Russia 
              
6,070  
            
12,400  
            
12,400  104.3 
India  N/A   N/A   N/A   N/A  
China 
                 
262  
                 
147  
                 
147  -43.9 
Total 
          
395,025  
          
376,738  
          
369,776  -6.4 
World Total 
          
457,933  
          
455,414  
          
449,710  -1.8 
U.S., E.U. (27), and 
BRIC as % of World 
86.3 82.7 82.2   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







    U.S., E.U. (27), BRIC and World pig stock by year. 
  
     
    
Change 
Country 2000 2009 2010 Since 2000 
 
------------ head ---------- Percent 
U.S.  
     
59,342,000  
     
67,148,000  





   
159,795,930  
   
153,216,599  





     
31,562,100  
     
38,045,500  





     
18,271,400  
     
16,161,900  





     
13,403,000  
     
10,104,000  





   
438,910,190  
   
469,480,600  





   
721,286,620  
   
754,158,608  





   
898,813,265  
   
957,264,082  




U.S., E.U. (27), and 
BRIC as % of World 
80.2 78.8 78.6   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  






Table 16.  
     U.S., E.U. (27), BRIC and World sheep stock by year. 
   
      
    
Change 
 Country 2000 2009 2010 Since 2000 
 
 
------------ head ---------- Percent 
 
U.S.  
           
7,032,000  
           
5,747,000  






       
122,674,288  
       
102,741,481  






         
14,785,000  
         
16,811,700  






         
12,603,000  
         
19,602,300  






         
59,447,000  
         
73,172,000  






       
131,095,105  
       
128,557,213  






       
347,638,393  
       
346,633,703  






    
1,058,835,816  
    
1,084,154,610  





U.S., E.U. (27), and 
BRIC as % of World 
32.8 32.0 32.3   
 Source:  Food and Agricultural Organization of the United Nations.  (2012).   








     U.S. and World exports of oilseed meals by year. 
  
      
     
% change 
Region Meal 2000 2005 2009 since 2000 
 
                            --------------- metric tons ---------------  Percent 
U.S. Copra                    32                   309                   116  262.5 
U.S. Cottonseed           108,809            116,685              88,934  -18.3 
U.S. Groundnuts               5,429                3,856                3,646  -32.8 
U.S. Linseed             17,698              50,153              11,642  -34.2 
U.S. Corn             39,179                3,364                      -    -100.0 
U.S. Other Oilseeds             22,972            224,412            152,997  566.0 
U.S. Palm Kernel                  296                2,395                   214  -27.7 
U.S. Rapeseed               9,233              36,593              54,951  495.2 
U.S. Soybeans        5,936,340         5,067,980         7,678,250  29.3 
U.S. Total         6,141,988         5,507,752         7,992,759  30.1 
World Copra        1,073,216            852,428            680,768  -36.6 
World Cottonseed           579,117            496,972            430,815  -25.6 
World Groundnuts           223,900            220,009              95,527  -57.3 
World Linseed           330,103            309,871            169,486  -48.7 
World Corn           165,376              76,305              36,536  -77.9 
World Mustard             40,300                   670                1,839  -95.4 
World Other Oilseeds           199,104            694,965         1,373,917  590.0 
World Palm Kernel        2,799,157         4,016,858         5,580,023  99.3 
World Rapeseed        4,451,787         5,589,590         7,815,121  75.6 
World Soybeans      37,276,789       56,334,920       56,769,858  52.3 
World Sesame Seeds               5,300                6,000                8,459  59.6 
  Total      47,138,849       68,592,588       72,953,890  54.8 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  






Table 18.  
        Top ten U.S. importers of meat meal by year. 
    
     
2000-2011 
2000-
2011 Change  






-------------------- metric tons -------------------- ----- Percent ----- 
World Total 434,881 
   
503,611  
   
135,872  
   
296,801  





   
181,005  
     
30,505  
   
136,120  
    
1,159,528  29.5 163.1 
Mexico 80,851 
     
60,926  
     
58,854  
     
84,102  
    
1,085,506  27.6 4.0 
Canada 41,688 
     
43,424  
     
14,758  
     
30,311  
       
388,806  9.9 -27.3 
China 93,345 
     
46,772  
       
1,961  
     
10,554  
       
348,328  8.8 -88.7 
Egypt 36,895 
     
71,406  
       
1,910  
             -    
       
289,297  7.3 -100.0 
Thailand 23,023 
     
32,006  
       
2,734  
     
11,624  
       
166,795  4.2 -49.5 
Philippines 31,087 
       
3,537  
       
4,084  
       
4,386  
       
102,713  2.6 -85.9 
Taiwan 16,103 
     
25,061  
       
2,104  
            
98  
         
65,114  1.7 -99.4 
Bangladesh 40 
       
5,377  
     
11,149  
             -    
         
62,584  1.6 -100.0 
Vietnam 597 
     
10,427  
          
329  
       
2,905  
         
62,468  1.6 386.6 
Top Ten % 
of world total 
86.3 95.3 94.5 94.4 94.8     
Source:  United States Department of Agriculture.  Foreign Agricultural 
Service.  (2012).  Global Agricultural Trade System Online.  Retrieved in 






     Meat meal imports of top ten U.S. importers of meat meal from 2000 to 2009. 
      Year Indonesia Mexico Canada China Egypt 
 
-------------------- metric tons -------------------- 
2000 9,657 99,698 45,614 283,943 83,475 
2001 13,698 91,327 47,531 169,067 116,586 
2002 6,224 98,234 54,636 222,306 151,569 
2003 3,973 90,176 45,030 167,477 137,339 
2004 15,347 67,760 16,119 61,220 92,534 
2005 39,525 95,047 9,870 98,342 89,644 
2006 128,244 109,875 20,474 139,562 84,067 
2007 86,399 108,299 27,064 79,790 86,742 
2008 68,274 108,906 30,642 74,583 N/A 
2009 65,600 83,749 38,779 130,548 7,556 
% Change 
Since 2000 
579.3 -16.0 -15.0 -54.0 -90.9 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  






Table 19 (continued).    
    Meat meal imports of top ten U.S. importers of meat meal from 2000 to 2009. 
      Year Thailand Philippines Taiwan Bangladesh Vietnam 
 
-------------------- metric tons -------------------- 
2000 72,906 53,237 N/A N/A N/A 
2001 54,098 22,463 N/A N/A N/A 
2002 49,342 10,717 N/A N/A N/A 
2003 49,062 N/A N/A N/A N/A 
2004 36,748 11,281 N/A N/A N/A 
2005 57,088 14,801 N/A 9,002 N/A 
2006 115,847 19,804 N/A 1,867 N/A 
2007 117,371 25,006 N/A 63 N/A 
2008 163,003 51,966 N/A N/A N/A 
2009 216,309 77,532 N/A N/A N/A 
% Change 
Since 2000 
196.7 45.6 N/A N/A N/A 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







Table 20.   
      Soybean meal and soybean imports of top ten U.S. importers of meat meal by year. 
      
 
% change 
Commodity Country 2000 2005 2009 2010 Since 2000 
  
------------ 1000 metric tons  ------------ 
 
Soybean meal Bangladesh               -               176              417              575  N/A 
  Canada             935           1,342           1,106           1,076  15.1 
  China             100              837                83              294  194.0 
  Egypt          1,059              441              400              721  -31.9 
  Indonesia          1,615           2,071           2,507           3,069  90.0 
  Mexico             316           1,728           1,209           1,500  374.7 
  Philippines          1,144           1,646           1,600           1,890  65.2 
  Taiwan               35                92                25                56  60.0 
  Vietnam             432           1,722           2,675           2,576  496.3 
  Total           5,636         10,055         10,022         11,757  108.6 
Soybeans Bangladesh               -               126              104                80  N/A 
  Canada             431              349              375              246  -42.9 
  China        13,245         28,317         50,338         52,339  295.2 
  Egypt             277              776           1,638           1,644  493.5 
  Indonesia          1,127           1,187           1,620           1,897  68.3 
  Mexico          4,381           3,667           3,523           3,498  -20.2 
  Philippines             365              108              111                75  -79.5 
  Taiwan          2,330           2,498           2,469           2,454  5.3 
  Vietnam               32                46              230              850  2556.3 
  Total         22,188         37,074         60,408         63,083  184.3 
Source:  United States Department of Agriculture.  Foreign Agricultural Service.  (2012).  






Table 21.   
      U.S. and World oilseed meals and meat meal exports. 
 
     
Change Change 
     
2000- 2005- 
Commodity Country 2000 2005 2009 2009 2009 
  
---------- metric tons ---------- ----- Percent ----- 
Oilseed 
Meal U.S.  
    
6,141,988  
    
5,507,752  
    
7,992,759  30.1 45.1 






72,953,890  54.8 6.4 
 
U.S. as % 
of World 
13.0 8.0 11.0 
  
Meat Meal 
U.S.   
       
434,881  
       
189,897  
       
270,268  -37.9 42.3 
 World  
    
2,144,172  
    
1,351,892  
    
2,266,279  5.7 67.6 
 
U.S. as % 
of World 




Meat Meals U.S.  
    
6,576,869  
    
5,697,649  
    
8,263,027  25.6 45.0 









U.S. as % 
of World 



















  4.4 1.9 3.0     
Source:  Food and Agricultural Organization of the United Nations.  (2012).  






Table 22.   
   Negligible Risk and Controlled Risk BSE Countries. 
 
    Negligible BSE Risk 
Countries Controlled BSE Risk Countries 
 Argentina Austria  Republic of Korea 
 Australia Belgium Latvia  
 Chile Brazil Lichtenstein 
 Denmark Canada Lithuania 
 Finland Chinese Taipei Luxembourg 
 Iceland Colombia Malta 
 India Cyprus Mexico 
 New Zealand Czech Repbulic Netherlands 
 Norway Estonia Poland 
 Panama France Portugal 
 Paraguay Germany  Slovak Republic 
 Peru Greece Slovenia 
 Singapore Hungary Spain 
 Sweden Ireland Switzerland 
 Uruguay Italy United Kingdom 
   Japan United State of America 
 Source:  World Organization for Animal Health.  (2012).  Data compiled from “Annual 
incidence rate of bovine spongiform encephalopathy (BSE) in OIE Member Countries that 






Table 23.   
   Country, month and year of first confirmed BSE case since 2000 and countries with confirmed 
BSE prior to 2000. 
    
Country Month/Year 
 

























Slovakia  Oct-01 
  













  Sources:  Data compiled from World Organization for Animal Health.  (2012).  Retrieved from 
http://www.oie.int/animal-health-in-the-world/bse-specific-data/annual-incidence-rate/ and 





Table 24.  "Annual incidence rate* of bovine spongiform encephalopathy (BSE) in OIE 
Member Countries that have reported cases, excluding the United Kingdom" 
Country/Year 1999 2000 2001 2002 2003 2004 2005 
Austria 0 0 0.96 0 0 0 2.11 
Belgium 1.84 5.53 28.22 25.75 10.54 7.88 1.45 
Canada 0 0 0 0 0.17 0.15 0.15 
Czech Rep. 0 0 2.85 2.5 5.78 10.32 11.98 
Denmark 0 1.14 6.77 3.35 2.39 1.3 1.29 
Finland 0 0 2.39 0 0 0 0 
France 2.82 14.73a 19.7 20.96 12.01 4.74 2.72 
Germany 0 1.07 19.97 17.02 8.71 10.92 4.97 
Greece 0 0 3.3 0 0 0 0 
Ireland 22.83 38.17a 61.80b 88.39 57.81 43.33 24 
Israel 0 0 0 6.25 0 0 0 
Italy 0 0 14.1 10.6 9.86 2.35 2.4 
Japan 0 0 1.44 0.97 1.96 2.49 3.58 
Liechtenstein 0 0 0 0 0 0 0 
Luxembourg 0 0 0 14.54 0 ... 10.88 
Netherlands 1.03 1.07 10.25 13.19 10.86 3.4 1.7 
Poland 0 0 0 1.28 1.49 3.58 ... 
Portugal 199.5 186.95 137.88 107.8 137.19 94.9 53.04 
Slovakia 0 0 18.34 18.73 6.74 24.64 43.35 
Slovenia 0 0 4.34 4.44 4.39 9.17 4.61 
Spain 0 0.59 24.23 37.95 46.31 38.95 27.76 
Sweden 0 0 0 0 0 0 0 
Switzerland 58.7 40.6 49.1 27.93 24.86 3.75 3.69 
U.K. 
       U.S.A. 0 0 0 0 0 0 0.02 
        Notes:  (a) France 2000: annual incidence rate in animals euthanised or found dead = 5.45; 
annual incidence rate in BSE clinical cases = 9.27;  Ireland 2000: annual incidence rate in cases 
detected by the active surveillance programme = 17.93; annual incidence rate in BSE clinical 
cases = 35.35;  (b) Ireland 2001: annual incidence rate in cases detected by the active 
surveillance programme = 29.90;  annual incidence rate in BSE clinical cases = 30.90;  * 
Number of indigenous cases per million bovines aged over 24 months during the year.  
Source:  World Animal Health Organization (OIE).  Annual incidence rate of bovine 
spongiform encephalopathy (BSE) in OIE Member Countries that have reported cases, 





Table 24 (continued).  "Annual incidence rate* of bovine spongiform encephalopathy (BSE) in 
OIE Member Countries that have reported cases, excluding the United Kingdom" 
Country/Year   2006 2007 2008 2009 2010 2011 
Austria 
 
2.11 1.08 0 0 2.12 0 
Belgium 
 
1.151 0 0 0 0 0 
Canada 
 
0.74 0.48 0.64 0.17 0.18 0.18 
Czech Rep. 
 
4.35 3.02 0 2.92 0 0 
Denmark 
 
0 0 0 1.3 0 0 
Finland 
 
0 0 0 0 0 0 
France 
 
0.76 0,85 0,75 0.94 0.47 0.29 
Germany 
 
2.8 0.71 0.39 0.34 0 0 
Greece 
 
0 0 0 0 0 0 
Ireland 
 
14.57 9.17 8.44 3.33 0.74 0.97 
Israel 
 
0 0 0 0 0 0 
Italy 
 
2.1 0.73 0.33 0.66 0 0 
Japan 
 
5.02 1.54 0.53 0.53 0 0 
Liechtenstein 
 
0 0 0 0 0 0 
Luxembourg 
 
0 0 0 0 0 0 
Netherlands 
 
1.2 1.14 ... 0 1.13 0.57 
Poland 
 
... 2.51 1.47 1.19 0.62 0.32 
Portugal 
 
38 16.14 20.52 9.08 6.83 5.8 
Slovakia 
 
0 3,59 0 0 3,86 0 
Slovenia 
 
5.05 4,88 0 0 0 0 
Spain 
 
... 12,30 7,88 5.73 4.16 1.91 
Sweden 
 
1.32 0 0 0 0 0 
Switzerland 
 
5.4 0 0 0 0 2.39 
U.K. 
       U.S.A.   0.02 0 0 0 0 0 
        Notes:  (a) France 2000: annual incidence rate in animals euthanised or found dead = 5.45; 
annual incidence rate in BSE clinical cases = 9.27;  Ireland 2000: annual incidence rate in cases 
detected by the active surveillance programme = 17.93; annual incidence rate in BSE clinical 
cases = 35.35;  (b) Ireland 2001: annual incidence rate in cases detected by the active 
surveillance programme = 29.90;  annual incidence rate in BSE clinical cases = 30.90;  * 
Number of indigenous cases per million bovines aged over 24 months during the year.  
Source:  World Animal Health Organization (OIE).  Annual incidence rate of bovine 
spongiform encephalopathy (BSE) in OIE Member Countries that have reported cases, 





    Export of meat meal for negligible risk BSE countries by year.  
     
    
Change 
Country 2000 2005 2009 Since 2000 
 
------------ metric tons ------------ Percent 
Argentina      62,655       76,420       98,392  57.0 
Australia    195,402     205,926     249,856  27.9 
Chile           180            777         3,377  1776.1 
Denmark    161,726       48,276       88,257  -45.4 
Finland           211            674         5,351  2436.0 
Iceland           155               -                 -    -100.0 
India           462            456            349  -24.5 
New Zealand    132,200     132,049     132,326  0.1 
Norway        7,657       21,234       14,033  83.3 
Panama              -              975         2,480  N/A 
Paraguay        3,100         8,674       18,951  511.3 
Peru              -              240               -    N/A 
Singapore             37               -                 -    -100.0 
Sweden      30,391         7,419         7,218  -76.2 
Uruguay      30,882       60,587       61,318  98.6 
Total    625,058     563,707     681,908  9.1 
Note:  Negligible Risk BSE Countries as defined by OIE, May 2011 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  










    Export of meat meal for Controlled Risk BSE countries.  
 
     
    
Change 
Country 2000 2005 2009 Since 2000 
 
------ metric tons ------ Percent 
Austria          39,983                162             5,724  -85.7 
Belgium        119,717           60,330         133,721  11.7 
Brazil            2,243           40,296           19,499  769.3 
Canada          53,005           57,811           25,964  -51.0 
Colombia                 10                130                    1  -90.0 
Cyprus               989                  -                    -    -100.0 
Czech Republic            5,514             6,460           13,138  138.3 
Estonia                 21                    7                  -    -100.0 
France          83,828           33,906         172,768  106.1 
Germany        282,292           88,763         208,273  -26.2 
Greece               908                    6                  94  -89.6 
Hungary          10,004           17,838                  -    -100.0 
Ireland          37,124             1,338           31,696  -14.6 
Italy        221,842           96,230         110,090  -50.4 
Japan                 -                  600                  -    N/A 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 




Table 26 (continued). 
   Export of meat meal for Controlled Risk BSE countries.  
 
     
    
% Change 
Country 2000 2005 2009 Since 2000 
 
------- metric tons ------- Percent 
Latvia                 -                    -                    -    N/A 
Lithuania            2,898                  -                  126  -95.7 
Malta                 -                      1                187  N/A 
Mexico                 -               4,811             2,354  N/A 
Netherlands          98,333           68,807         178,361  81.4 
Poland                 -             12,426         123,160  N/A 
Portugal                   7                  15             8,328  118871.4 
S. Korea               329                  -                    -    -100.0 
Slovakia                 11                352             9,186  83409.1 
Slovenia                 54             6,501           12,417  22894.4 
Spain            3,358           47,058         115,149  3329.1 
Switzerland          29,310                924             6,874  -76.5 
United Kingdom          34,875           12,912           80,896  132.0 
USA        460,824         193,857         270,627  -41.3 
Total     1,489,479         753,546      1,530,642  2.8 
Note:  Controlled Risk BSE Countries as defined by OIE, May 2011 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







     Export of meat meal from negligible risk and controlled risk BSE countries from 2000 to 
2009. 
        2000 2001 2002 2003 2004 
 
--------------- metric tons --------------- 
Negligible BSE Risk  
       
625,058  
       
430,443  
       
424,027  
       
423,837  
       
545,143  
 
Controlled BSE Risk  
    
1,487,479  
       
724,018  
       
962,589  
       
874,723  




    
2,144,172  
    
1,176,542  
    
1,400,771  
    
1,328,173  
    
1,202,063  
 ------------ percent ------------ 
% Change (of 
negligible risk) since 
2000 
 
-31.1 -32.2 -32.2 -12.8 
 
% Change (of 
controlled risk) since 
2000 
 
-51.3 -35.3 -41.2 -58.6 
 
% Change (world 
total) since 2000 
 
-45.1 -34.7 -38.1 -43.9 
 
------------ percent ------------ 
Negligible BSE Risk 
as % of World Total 
29.2 36.6 30.3 31.9 45.4 
Controlled BSE Risk 
as % of World Total 
69.4 61.5 68.7 65.9 51.2 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  








(continued).   
      Export of meat meal from negligible risk and controlled risk BSE countries from 2000 to 2009. 
      
Change 




--------------- metric tons --------------- Percent 
Negligible BSE 
Risk  
       
563,707  
       
595,545  
       
640,199  
       
646,150  
       
681,908  9.1 
Controlled BSE 
Risk  
       
751,541  
       
955,951  
    
1,043,608  
    
1,293,917  
    
1,528,633  2.8 
World Total 
    
1,351,892  
    
1,587,358  
    
1,734,103  
    
1,988,538  
    
2,266,279  5.7 
 
------------ percent ------------ 
 
% Change (of 
negligible risk) 
since 2000 
-9.8 -4.7 2.4 3.4 9.1 
  
% Change (of 
controlled risk) 
since 2000 
-49.5 -35.7 -29.8 -13.0 2.8 
  
% Change (of 
total) since 2000 
-37.0 -26.0 -19.1 -7.3 5.7 
 
 
------------ percent ------------ 
 Negligible BSE 
Risk as % of 
World Total 
41.7 37.5 36.9 32.5 30.1 
  
Controlled BSE 
Risk as % of 
World Total 
55.6 60.2 60.2 65.1 67.5 
  
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  






Table 28.  
     BRIC, E.U. (27), U.S. and World imports of oilseed meal, meat meal and soybeans by year. 
      
     
Change 
Country Commodity Unit 2000 2009 Since 2000 
     
Percent 
Brazil Oilseed Meals MT           106,061              47,183  -55.5 
 
Meal Meat MT             19,903                   163  -99.2 
 
Soybeans MT           807,398              99,412  -87.7 
 
Total MT           933,362            146,758  -84.3 
 
Oilseed Meals % of Total % 11.4 32.2 
 
 
Meat Meal % of Total % 2.1 0.1 
 
 
Soybeans % of Total % 86.5 67.7 
 Russia Oilseed Meals MT           178,276            393,581  120.8 
 
Meal Meat MT             36,664              63,622  73.5 
 
Soybeans MT             40,927            959,304  2243.9 
 
Total MT           255,867         1,416,507  453.6 
 
Oilseed Meals % of Total % 69.7 27.8 
 
 
Meat Meal % of Total % 14.3 4.5 
 
 
Soybeans % of Total % 16.0 67.7 
 India Oilseed Meals MT             88,626            122,052  37.7 
 
Meal Meat MT 1 0 -100.0 
 
Soybeans MT 132 51 -61.4 
 
Total MT             88,759            122,103  37.6 
 
Oilseed Meals % of Total % 99.9 100.0 
 
 
Meat Meal % of Total % 0.0 0.0 
 
 
Soybeans % of Total % 0.1 0.0 
 China Oilseed Meals MT           818,239         1,169,709  43.0 
 
Meal Meat MT           283,949            130,571  -54.0 
 
Soybeans MT      12,720,850       44,917,760  253.1 
 
Total   MT      13,823,038       46,218,040  234.4 
 
Oilseed Meals % of Total % 5.9 2.5 
 
 
Meat Meal % of Total % 2.1 0.3 
   Soybeans % of Total % 92.0 97.2   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 
Crops and livestock products.  Retrieved from http://faostat.fao.org/site/535/default.aspx#ancor  
and USDA Foreign Agricultural Service.  (2012).  Production, Supply and Distribution Online.  




Table 28 (continued).   
     BRIC, E.U. (27), U.S. and World imports of oilseed meal, meat meal and soybeans by year. 
      
     
Change 
Country Commodity Unit 2000 2009 Since 2000 
     
Percent 
EU (27) Oilseed Meals MT      19,177,870       23,489,860  22.5 
 
Meal Meat MT             45,894              28,466  -38.0 
 
Soybeans MT      14,471,518       12,595,609  -13.0 
 
Total  MT      33,695,282       36,113,935  7.2 
 
Oilseed Meals % of Total % 56.9 65.0 
 
 
Meat Meal % of Total % 0.1 0.1 
 
 
Soybeans % of Total % 42.9 34.9 
 USA Oilseed Meals MT        1,232,666         1,532,459  24.3 
 
Meal Meat MT             66,896              92,433  38.2 
 
Soybeans MT           132,025            416,875  215.8 
 
Total MT        1,431,587         2,041,767  42.6 
 
Oilseed Meals % of Total % 86.1 75.1 
 
 
Meat Meal % of Total % 4.7 4.5 
 
 
Soybeans % of Total % 9.2 20.4 
 World Oilseed Meals MT      47,032,440       70,802,917  50.5 
 
Meal Meat MT        2,035,943         1,781,619  -12.5 
 
Soybeans MT      48,482,494       79,699,582  64.4 
 
Total MT      97,550,877     152,284,118  56.1 
 
Oilseed Meals % of Total % 48.2 46.5 
 
 
Meat Meal % of Total % 2.1 1.2 
   Soybeans % of Total % 49.7 52.3   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 
Crops and livestock products.  Retrieved from http://faostat.fao.org/site/535/default.aspx#ancor 
and United States Department of Agriculture.  Foreign Agricultural Service.  (2012).  







      BRIC, E.U. (27), U.S. and World exports of oilseed meal, meat meal and soybeans by year. 
      
     
% Change 





Brazil Oilseed Meals MT        9,389,408       12,258,332  30.6 
 
Meal Meat MT               2,243              19,499  769.3 
 
Soybeans MT      11,517,300       28,562,700  148.0 
 
Total MT      20,908,951       40,840,531  95.3 
 
Oilseed Meals % of Total % 44.9 30.0 
 
 
Meat Meal % of Total % 0.0 0.0 
 
 
Soybeans % of Total % 55.1 69.9 
 Russia  Oilseed Meals MT               3,049            136,036  4361.7 
 
Meal Meat MT                    10                   300  2900.0 
 
Soybeans MT             45,813                1,771  -96.1 
 
Total MT             48,872            138,107  182.6 
 
Oilseed Meals % of Total % 6.2 98.5 
 
 
Meat Meal % of Total % 0.0 0.2 
 
 
Soybeans % of Total % 93.7 1.3 
 India Oilseed Meals MT        2,411,427         4,652,518  92.9 
 
Meal Meat MT                  462                   349  -24.5 
 
Soybeans MT             75,020              24,699  -67.1 
 
Total MT        2,486,909         4,677,566  88.1 
 
Oilseed Meals % of Total % 97.0 99.5 
 
 
Meat Meal % of Total % 0.0 0.0 
 
 
Soybeans % of Total % 3.0 0.5 
 China Oilseed Meals MT        1,216,613         1,673,359  37.5 
 
Meal Meat MT               6,734                     24  -99.6 
 
Soybeans MT           210,841            346,604  64.4 
 
Total   MT        1,434,188         2,019,987  40.8 
 
Oilseed Meals % of Total % 84.8 82.8 
 
 
Meat Meal % of Total % 0.5 0.0 
   Soybeans % of Total % 14.7 17.2   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  
Trade; Crops and livestock products.  Retrieved from 
http://faostat.fao.org/site/535/default.aspx#ancor and USDA Foreign Agricultural Service.  





Table 29 (continued). 
     BRIC, E.U. (27), U.S. and World exports of oilseed meal, meat meal and soybeans by year. 
      
     
Change 
Country Commodity Unit 2000 2009 Since 2000 
     
Percent 
E.U. (27) Oilseed Meals MT           234,820            653,257  178.2 
 
Meal Meat MT           346,702            520,747  50.2 
 
Soybeans MT             46,155              38,823  -15.9 
 
Total   MT           629,677         1,214,836  92.9 
 
Oilseed Meals % of Total % 37.3 53.8 
 
 
Meat Meal % of Total % 55.1 42.9 
 
 
Soybeans % of Total % 7.3 3.2 
 U.S. Oilseed Meals MT        6,139,988         7,990,750  30.1 
 
Meal Meat MT           460,824            270,627  -41.3 
 
Soybeans MT      27,192,200       40,505,700  49.0 
 
Total MT      33,793,012       48,767,077  44.3 
 
Oilseed Meals % of Total % 18.2 16.4 
 
 
Meat Meal % of Total % 1.4 0.6 
 
 
Soybeans % of Total % 80.5 83.1 
 World   Oilseed Meals MT      47,144,287       72,962,349  54.8 
 
Meal Meat MT        2,144,172         2,266,279  5.7 
 
Soybeans MT      47,377,804       81,545,021  72.1 
 
Total MT      96,666,263     156,773,649  62.2 
 
Oilseed Meals % of Total % 48.8 46.5 
 
 
Meat Meal % of Total % 2.2 1.4 
   Soybeans % of Total % 49.0 52.0   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 
Crops and livestock products.  Retrieved from http://faostat.fao.org/site/535/default.aspx#ancor 
and USDA Foreign Agricultural Service.  (2012).  Production, Supply and Distribution Online.  






    Brazil and China oilseed crop production by year.   
 
     
    
Change 
Country 2000 2005 2010 Since 2000 
 
------------ metric tons ------------ Percent 
Brazil        6,675,402       10,450,997       13,436,839  101.3 
China      15,142,455       16,301,828       16,483,739  8.9 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  
FAOSTAT:  Trade; Crops and livestock products.  Retrieved from 
http://faostat.fao.org/site/535/default.aspx#ancor 





     Brazil and China livestock production by year. 
   
      
     
Change 




    
Percent 
Cattle                  
(Head) 
Brazil 
     
169,876,000  
     
207,157,000  
     
209,541,000  23.3 
China 
     
104,553,559  
       
90,134,331  
       
83,798,151  -19.9 
Chickens           
(1000 Head) 
Brazil 
            
842,741  
            
999,041  
         
1,238,910  47.0 
China 
         
3,623,012  
         
4,445,244  
         
4,802,670  32.6 
Ducks                
(1000 Head) 
Brazil 
                
3,400  
                
3,550  
                
3,600  5.9 
China 
            
611,763  
            
730,018  
            
789,569  29.1 
Pigs                   
(Head) 
Brazil 
       
31,562,100  
       
34,063,900  
       
38,956,800  23.4 
China 
     
438,910,190  
     
428,237,970  
     
476,237,000  8.5 
Sheep                 
(Head) 
Brazil 
       
14,785,000  
       
15,588,000  
       
17,380,600  17.6 
China 
     
131,095,105  
     
152,035,215  
     
134,021,213  2.2 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







       Per capita consumption of meat (kg) for Brazil and China. 
  
        
       
Change 
Commodity Country 2000 2005 2009 2010 2011 Since 2000 
  ------ kg ------ Percent 
Beef and 
Veal 
Brazil 34.62 35.95 37.10 37.75 38.10 10.1 
China 4.04 4.33 4.34 4.20 4.10 1.5 
Swine 
Brazil 10.36 10.31 12.19 12.81 13.0 25.5 
China 31.32 34.75 36.89 38.5 37.3 19.1 
Broiler 
Brazil 28.98 34.99 40.41 45.41 47.5 63.9 
China 7.43 7.77 9.22 9.4 9.7 30.6 
Turkey 
Brazil 0.53 1.05 1.52 1.63 1.79 237.7 
China 0.03 0.01 0.02 0 0 -100.0 
Source:  USDA Foreign Agricultural Service.  (2012). Production, Supply and 







     Top ten exporters of meat meal by year. 
   
      Country 2000 2001 2002 2003 2004 
 
--------------- metric tons --------------- 
USA        460,824         474,169         568,753         513,418         137,934  
Australia        195,402         220,952         205,580         182,719         230,038  
New Zealand        132,200         137,425         132,540         131,390         133,018  
Germany        282,292           68,433           98,095         101,400         104,312  
Italy        221,842           64,205           70,818           58,606           72,658  
Belgium        119,717           22,683           36,565           31,834           48,843  
Netherlands          98,333             6,780           13,311           13,311           77,074  
Argentina          62,655           32,302           39,864           41,813           75,058  
France          83,828             4,343           26,385           18,792           17,071  
Denmark        161,726           16,784           18,209           24,091           42,262  
Total     1,818,819      1,048,076      1,210,120      1,117,374         938,268  
World Total     2,144,172      1,176,542      1,400,771      1,328,173      1,202,063  
% of World Total 84.8 89.1 86.4 84.1 78.1 
Note:  BSE "free" (no confirmed case of BSE) are in bold.     
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  






Table 33 (continued).   
     Top ten exporters of meat meal by year. 
    
       Country 2005 2006 2007 2008 2009 Total 
 
--------------- metric tons --------------- 
USA        193,857         215,452         289,770         298,257         270,627     3,423,061  
Australia        205,926         239,097         273,894         259,903         249,856     2,263,367  
New Zealand        132,049         152,072         146,266         138,506         132,326     1,367,792  
Germany          88,763         121,951         117,332         160,835         208,273     1,351,686  
Italy          96,230           84,777           84,380         114,881         110,090        978,487  
Belgium          60,330           79,163           92,425         122,567         133,721        747,848  
Netherlands          68,807           34,493           93,954         122,668         178,361        707,092  
Argentina          76,420           49,909           73,366           73,605           98,392        623,384  
France          33,906           61,331           77,914         121,764         172,768        618,102  
Denmark          48,276           61,399           53,509           76,734           88,257        591,247  
Total     1,004,564      1,099,644      1,302,810      1,489,720      1,642,671  
 
World Total     1,351,892      1,587,358      1,734,103      1,988,538      2,266,279  
 
% of World Total 74.3 69.3 75.1 74.9 72.5   
Note:  BSE "free" (no confirmed case of BSE) are in bold.       
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Table 34.  
     Top ten exporters of meat meal by BSE status and year.   
  
      
      BSE Country Status 2000 2001 2002 2003 2004 
 
 ---------------metric tons ---------------  
Countries with 
confirmed BSE 
  1,428,562       657,397       832,136       761,452       500,154  
Non-BSE countries      390,257       390,679       377,984       355,922       438,114  
Total   1,818,819    1,048,076    1,210,120    1,117,374       938,268  
World Total   2,144,172    1,176,542    1,400,771    1,328,173    1,202,063  
      
 
---------------- percent ---------------- 
Top ten countries as % 
of world total 
84.8 89.1 86.4 84.1 78.1 
Countries with 
confirmed BSE as % of 
total 
78.5 62.7 68.8 68.1 53.3 
Non-BSE countries as 
% of total 
21.5 37.3 31.2 31.9 46.7 
Countries with 
confirmed BSE as % of 
world total 
66.6 55.9 59.4 57.3 41.6 
Non-BSE countries as 
% of world total 
18.2 33.2 27.0 26.8 36.4 
Note:  Seven of the top ten meat meal exporters have confirmed BSE, which include the U.S., 
Germany, Italy, Belgium, Netherlands, France and Denmark.  Three of the top ten meat meal 
exporters have not confirmed BSE (non-BSE countries), which include Australia, New 
Zealand and Argentina. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  






Table 34 (continued).   
     Top ten exporters of meat meal by BSE status and year.   
  
      
     
Change 
  2006 2007 2008 2009 Since 2000 
 
------------ metric tons ------------ Percent 
Countries with 
confirmed BSE 
     658,566       809,284    1,017,706    1,162,097  -18.7 
Non-BSE countries      441,078       493,526       472,014       480,574  23.1 
Total   1,099,644    1,302,810    1,489,720    1,642,671  -9.7 
World Total   1,587,358    1,734,103    1,988,538    2,266,279  5.7 
      
 
------------ percent ------------ 
 
Top ten countries as % 
of world 
69.3 75.1 74.9 72.5 
 Countries with 
confirmed BSE as % of 
total 
59.9 62.1 68.3 70.7 
 
Non-BSE countries as 
% of total 
40.1 37.9 31.7 29.3 
 Countries with 
confirmed BSE as % of 
world total 
41.5 46.7 51.2 51.3 
 
Non-BSE countries as 
% of world total 
27.8 28.5 23.7 21.2 
 Note:  Seven of the top ten meat meal exporters have confirmed BSE, which include the U.S., 
Germany, Italy, Belgium, Netherlands, France and Denmark.  Three of the top ten meat meal 
exporters have not confirmed BSE (non-BSE countries), which include Australia, New 
Zealand and Argentina. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  







    U.S. exports of soybeans by year. 
  
     
    
Change 
Country 2000 2004 2009 Since 2000 
  ------- metric tons ------- Percent 
U.S.A.      27,192,200       25,602,600       40,505,700  49.0 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  
FAOSTAT:  Trade; Crops and livestock products.  Retrieved from 
http://faostat.fao.org/site/535/default.aspx#ancor 
     
     
     
     




Figure 1.  Global meat meal imports (metric tons) from 2000 to 2009.  In 2000, Denmark, 
Germany and Spain confirmed BSE, and in 2001, Italy, Czech Republic, Greece, Japan, 
Slovakia, Austria and Finland confirmed BSE.  In 2002, Slovenia, Poland and Israel confirmed 
BSE.  In 2003, Canada and the U.S. confirmed BSE, and Sweden confirmed BSE in 2006.   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 2.  Global meat meal exports (metric tons) from 2000 to 2009.  In 2000, Denmark, 
Germany and Spain confirmed BSE, and in 2001, Italy, Czech Republic, Greece, Japan, 
Slovakia, Austria and Finland confirmed BSE.  In 2002, Slovenia, Poland and Israel confirmed 
BSE.  In 2003, Canada and the U.S. confirmed BSE, and Sweden confirmed BSE in 2006.   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 







Figure 3.  Top ten meat meal importing countries in 2000 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 4.  Top ten meat meal importing countries in 2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 5.  Top ten meat meal exporting countries in 2000 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 6.  Top ten meat meal exporting countries in 2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 







Figure 7.  U.S. percent of global meat meal exports from 2000-2009.  The U.S. confirmed BSE 
in December of 2003. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 8.  Global soybean exports from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 9.  Top ten exporting countries of soybeans in 2000 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 10.  U.S. percent of global soybean exports from 2000-2009. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 







Figure 11.  Global soybean meal exports from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 12.  Top ten exporting countries of soybean meal in 2000 (metric tons).   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 13.  Top ten exporting countries of soybean meal in 2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 14.  U.S. soybean meal exports from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 15.  Global and U.S. exports of rapeseed meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 16.  Global and U.S. exports of cottonseed meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 







Figure 17.  Global and U.S. exports of copra meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 18.  Global and U.S. exports of palm kernel meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 19.  Global and U.S. exports of linseed meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 20.  Global and U.S. exports of corn gluten meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 21.  Global and U.S. exports of groundnut meal from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 22.  Global and U.S. exports of “other” oilseed meals from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 23.  Global and U.S. exports of oilseed meals and meat meals from 2000-2009 (metric 
tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 24.  U.S. exports of oilseed meals and meat meals from 2000-2009 (metric tons). 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 25.  Global meat meal exports as percentage of world oilseed meal and meat meal  
exports from 2000-2009.  In 2000, Denmark, Germany and Spain confirmed BSE, and in 2001, 
Italy, Czech Republic, Greece, Japan, Slovakia, Austria and Finland confirmed BSE.  In 2002, 
Slovenia, Poland and Israel confirmed BSE.  In 2003, Canada and the U.S. confirmed BSE, and 
Sweden confirmed BSE in 2006.   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 26.  Denmark meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Denmark in January, 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 27.  German meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Germany in November, 2000. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 







Figure 28.  Spain meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Spain in December, 2000. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 29.  Italy meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in Italy 
in January, 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 30.  Czech Republic meat meal exports from 2000-2009 (metric tons).  BSE was 
confirmed in the Czech Republic in June, 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 31.  Greece meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Greece in July, 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 32.  Slovakia meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Slovakia in October 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 33.  Austria meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Austria in December, 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 34.  Finland meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Finland in December 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 35.  Slovenia meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Slovenia in June, 2001. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 36.  Poland meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Poland in May, 2002. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 37.  Canada meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Canada in July 2003. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 38.  U.S. meat meal exports from 2000-2009 (metric tons).  In 2000, Denmark, Germany 
and Spain confirmed BSE, and in 2001, Italy, Czech Republic, Greece, Japan, Slovakia, Austria 
and Finland confirmed BSE.  In 2002, Slovenia, Poland and Israel confirmed BSE.  In 2003, 
Canada and the U.S. confirmed BSE, and Sweden confirmed BSE in 2006.   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 





Figure 39.  Sweden meat meal exports from 2000-2009 (metric tons).  BSE was confirmed in 
Sweden in March, 2006. 
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 






Figure 40.  Export of meat meal from negligible risk and controlled risk BSE countries from 
2000-2009 (metric tons).   In 2000, Denmark, Germany and Spain confirmed BSE, and in 2001, 
Italy, Czech Republic, Greece, Japan, Slovakia, Austria and Finland confirmed BSE.  In 2002, 
Slovenia, Poland and Israel confirmed BSE.  In 2003, Canada and the U.S. confirmed BSE, and 
Sweden confirmed BSE in 2006.   
Source:  Food and Agricultural Organization of the United Nations.  (2012).  FAOSTAT:  Trade; 
Crops and livestock products.  Retrieved from http://faostat.fao.org/site/535/default.aspx#ancor  
 
 
